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FIG. 1

Receive video data and dynamic range mastering information
including dynamic range related information of 1010
video data from source device via interface

' Play recerved video data back |’\« 51020
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FIG. 3

Source Device \

Provide a high level on the +5V Power line

Sl""‘""‘:"—'h— P

Provide a high level on Hot Plug Detect (HPD) line

82 ~—t=~

Request for reading EDID information over Display

53~ -

Data Channel (DDC)

Send EDID information over Display

54 — _
N Data Channel (DDC) Updates in EDID to
/ configure Control option flag

|

Provide a low level at least 100ms on S5
Hot Plug Detect (HPD) line
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FIG. 4
| Offset Value ] | Description/Format
| 0x00 Ox14 HDRData Block
| 71657473 BLOCKRevision and Other Data
001 [ _[_{_[_| REVISION0 J )
01040100 RESERVED(BLOCK SPECIFIC)
0x02 | Number Of Payload Bytes
| 0x03 | Descriptor | Control option flag )
| gigg | Descriptor Sk Device Dynamic Range
FIG. 5
Offset Value , Description/Format
0x03 [7]6 ls 413 2,1 0 |Control OptionFlag
Py _{_|_|_|[_1{_|_ | Actvate HDR processing in source device
HINEE _ |_ | Activate WCG processing in source device

reserved Reserved
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FIG. 6
Control option flag description | Detaled description
00000000 | No change Source device does not perform any processing
| | )
10000000 | Source device (HDR) Source device performs only HDR
| 01000000 Source device (WCG) Source device performs only WCG
1 — ) .
. Source device performs all processing based on
1000000 S0uree device delivered information (initial value)
FIG. 7
Offset ' Value ] Description/Format
71654 [3]2]1]0 |Sink Device Dynamic Range
0x04 0x00 ->(xFF Lowest Brightness level of Sink device (higher 8 bits)

o5 (1] 1 [ 1.1 1

Lowest Brightness level of Sink device (LSB)

0x00 ->0x3F

Highest Brightness level of Sink device (total 7 bits)
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| Offset Value Description/Format
00, 00, ISPLAY PARAMETERS DATA BLock T 4G
Ol LERE j ; Lock Revision and Other Data
| 00 0 [Revwn 0~ VALUES 0 —T7
0:0:0:0;0i_:_:_ |RESERVED |
[ 02y 0Ch Number of Payload Bytes in BLock 2
03 04p DESCRIPTOR Horizonta! image size o
|05y 064, DESCRIPTOR Vertical image size
07, 08, DESCRIPTOR Horizontal pixel count
095 0A; DESCRIPTOR Vertical pixel count
| 0By DESCRIPTOR ';l;eature Support Flags
0Cy DESCRIPTOR ransfer Characteristic Gamma
0Dy DESCRIPTOR Aspect Ratio
0Ey DESCRIPTOR olor Bit Depth
Offset Value Description/Format
Ox 6 1514312 [1 [0 [Control Option Flag
Lf o[ 1_[_[_[_ |Actvate HDR processing in source device
T V7 T | [Activate WCG processing in source device
BE reserved Reserved
T16 [S T4 [3 12 [T ]0 [Sik Device Dynamic Range
0x10 0x00 > OxF F | Lowest Brightness level of Sink device er 8 bits)
0xl1 1 T I _ ! _ ! _ ) _ ) Eowest Bnglﬁtness [evel of Sink device %%%JE]H
j > (X shest Brightness level of Sink device (total 7 bits)
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Description/Format
spLAY DEvice DaTa Brock TAG
6 '3 12 {110 {Brock Revision and Other Dafa ‘
—i—t--{-10{0:0 Revis’ VALues 0 ——17
0:0100:01_1_7_|REesveD ,
024 0Dy Number of Payload Bges in BLOCK 13
03p | DESCRIPTOR 1splay Device Technology
04y DescrrroR | Device operating mode
05— 08}, DESCRIPTOR voce native pixel format
09— 0Ap DESCRIPTOR Aspect ratio and orientation
0By | DESCRIPTOR Sub-pixel Tayout / configuration / shape
0C— []Dh' DESCRIPTOR Horizontal and vertical dot / pixel pitch
OEn DESCRIPTOR Color bit depth
OF DESCRIPTOR Response time
"~ Offset Value | Description/Format
0xOF [7[6]5[43[2]T]0 Tﬁnﬁol%jgﬁlag
[ _[_1_1_1_[_1{_[Activate HDR processing in source device
L i Lo | [Activate WCG processing in source device
reserv Reserved
716 [374 13121 [0 [Sink Device Dynamic Range
0x10 0x00 -> OxFF l_[ngest Brightness level of Sink device (higher 8 bits)
0xl1 [T 7 1 _ml_ !Di- 1 1 Lowest Brightness level of Stk device (LSF
~ (%00 > Highest brightness level of Sink device (total / bits,
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FIG. 10
Byted Bits57 | Bits 04
| 11 Video length = total number of video bytes following this byte (L)
Tag Code B
Video Data |2 CEA Short Video Descriptor 1
Block |3 CEA Short Video Descriptor 2
[+L1 CEA Short Video Descriptor Ly
M1, 1 Audio length = total number of audio bytes following this byte (L2)
Tag Code
HL ‘
441, CEA Short Audio Descriptor 1
Audio Data ud
Block |
LitL,
+Li+Ly CEA Short Audio Descriptor Ly /3
2+t
3HL1+L, Speaker length = total number of Speaker Allocation bytes following
Allocation this byte (L3= 3}
Speaker Tag Code
Aliocation L —
Data Block |* 172 ; |
| | 5tL1+L Speaker Allocation Data Block Payload (3 bytes)
6+L+L
THL1+L) Vendor- length = total number of Vendor-Specific bytes following
Specific this byte (L4)
Tag Code
Vendor-  fg47 17, IEEE OUT third two hex digits
| Dgfaeggik 411+ IEEE QUI second two hex digits
104+, | TEEEQUIfirst twohex digits B
l I Vendor-Specific Data Block Payload (L4 -3 bytes)
| §+L1+L2+L4 Extended length = total number of bytes m this block following
Video l Tag Code } this byte (Ls)
S:&ag}gg( HL+LatL4 Video Capabilities Ext. Tag Code = 00k
1HL; 4L, +L4 Video Capabilities Data Bye 3 (see Section 7.5.6)

[114L1+L 2 +L4+Ls Dynamic length = total number of bytes in this block following
| rnge | this byte (Lg =)
Dynamic Tag Code
Range [12411+L,+L4+Ls | Lowest Brightness level of Sink device (higher 8 bits)
13+L+L,+L4+Ls | Lowest Brightness level of Sink device (LSB)
14+1,1+L,+L4+Ls | Highest Brightness level of Sink device (total 7 bits)
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FIG. 11

| InfoFrame Type Code | InfoFrame Type =0x07 (UHDInfoFrame)
InfoFrame Version Number | Version=0x

ength of HDRInfoFrame |1£ng@ of HDRInfoFrame
ata ByteT | ] FIJ) P0 R2 RI R0 [ ED
ala Byte 2 black Tuminance Tevel (highest 3 bits)
| Black Tu'|
minance | | |
Data Byte 3 | _level white lumiance level (7 bits)
| (lower 1 ,_
bit)
' Data Byte 4 Orig black luminance level (highest 8 bits)
LUﬁ%_EI_aI
| ck_lumi
Data Byte 5 | nance | Orig white luminance level (7 bits)
(lower 1
bit) _

B A e e
ata Byte Red-x ow bits -ylowbits | Green-xlowbits | Green-ylow bits
ala Byte ue-x low bifs ue-x low bits te-x Tow Dits | te-y low bits
afa Byfe Red-x high bits B

' Data Byte 10 Red-y high bits

Data Ezte 11 * Green -x high bifs

Data Eyte 12 Green - its

Data Byte 13 | Blue-x high bits

Dafa Byte 14 Flue-yhlﬁéih bifs

Data Byte 15 White x fugh bifs

 Data Byte 16 | White-y high bifs

Data Byte 17 E3 | E |EI E0 Number of Coefficients

Data Byte 18 : EOTF additional 1nfo

Data Byte (18+1) EOTF Coefiicient |

Data Byte (18+2) EOTF _Coefficient 2

Data Byte (18+ FOTF Cocficient N
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FIG. 12
post processing type | description | Detailed description
0000 No change Source device does not perform any processing
0001 Dynamic Range mal:;pingI Dynamic range mapping 1 performed
0010 | Gamut mapping Gamut mapping is performed
| 0ol Source devi Source device performs all processing based on
SRR AR mformation delivered by smk device
| | These may be used for information exchange between sink and
0011-1000 reserved

source devices 1n the future, for fre and multilayer
| video enhancement function

1001-1111 | User private

'|

Oniginal color gamut 1s used to distingwishiably signal
contents color gamut and container color gamut

[111 Different contents gamut

FIG. 13
Orig color gamut description
0000 REC. 709
0001 | BT. 2020 NCL
0010 | xvYCC
| 0011 | DCI-P3
| 0100 1 Adobe RGB
0101 BT. 2020 CL
0110~ 1111 reserved
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FIG. 14
InfoFrame Type Code [nfoFrame Type = 0x(2
| InfoFrame Version Number | Version = 0x02 or [0x03]
Length of AV InfoFrame Length of AVI InfoFrame (16}
Data Byte 1 r 1Y2] Yl Y0 | A Bl B0 51 50
Data Byte 2 | C | Ml M0 R3 R2 R1 RO
Data Byte 3 ITC | EC2 | ECI | ECO Q1 Q0 SC1 SCO
Data Byte 4 - | [VICT] | VIC6 | VIC5 | VIC4 | VIC3 | VICZ | VICI | VICO
Data Byte 5 | vQl | vQ2 ‘ CNI | CNO | PR3 | PR2 | PRl [ PRO
Data Byte 6 ] ETB07-ETB00 (Line Number of End of Top Bar - lower 8 bits)
Data Byte 7 L ETB15-ETB08 (Line Number of End of Top Bar - upper 8 bits)
| Data Byte 8 | SBB07-SBB00 (Line Number of Start of Bottom Bar - lower 8 bits)
Data Byte 9 L SBB135-SBB08 (Line Number of Start of Bottom Bar - upper 8 bits)
Data Byte 10 ELB07-ELBO0 (Pixel Number of End of Left Bar - lower 8 bits)
Data Byte 11 | ELB15-ELBO8 (Pixel Number of End of Left Bar - upper 8 bits)
' Data Byte 12 SRBO7-SBBO0 (Pixel Number of Start of Right Bar - lower § bits)
Data Byte 13 SRB15-SBB08 (Pixel Number of Start of Right Bar - upper 8 bits)
Data Byte 14 P3 P2 PL | PO R2 R1 RO E0
Data Byte 15 black fuminance level (highest 8 bits)
black lum
. Data Byte 16 | \1/%?1(113%(1; | white luminance level (7 bits)
1 bit) |
Data Byte 17 Ong black luminance level (highest 8 bits)
rig_blac
| Data Byte 18 lmﬁl\?:;(lc Orig white luminance level (7 bits)
ower] bit
Data Byte 19 Orig color gamut L83 §2 St | S0
Data Byte 20 Red-x low bits Red-ylowbits | Green-xlowbits | Green-y low bits
Data Byte 21 Blue-x low bats Blue-ylowbits | White-x lowbits | White-y low bits
Data Byte 22 ' T Red-x high bits
Data Byte 23 Red-y high bits
Data Byte 24 Green-x high bits
| Data Byte 25 - ) Green-y high bits
Data Byte 26 Blue-x high bits
DataByte27 ) Blue-y high bits
| DataByte28 | White-x high bts
| Data Byte 29 | - White-y high bits
Data Byte 30 B3 |E [E [E | Number of Coefficients
Data Byte 31 ] EOTF additional info
Data Byte (31+1) EOTF Coeflicient |
Data Byte (3142) EOTF Coefficient 2
Data Byte (31+ EOTF Coefficient N
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FlG. 19
100
110 10 SOURCEDEVICE 35 140
Compressed 2 2 S 2
UHD video - _
stream i Color gamut Dynamic range video
Decoder mapping mapping post processing
160 !l mefadata |
2 I R e —if  Metadata processor 130
Y i I
.. . : : | UHD video
d - e L |
Video option controller Contro . ' metadata
. Video option Signal
| signal
| INTERFACE : !
‘ ' 200
| ’
- SINK DEVICE o
Control : Display ! |
— | Source device controller f~----- S Metadata processor 220
Uncompressed Video processing
UHD video control signal i DiS{quy l
10 ;contro signa
Display panel controller 230

: User control
/ pI'ESBt 200
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FIG. 16
EOTF type description
000 | - F Reserved
001 EOTF typel
010 ~ EOTF type
011-111 User Private
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F1G. 17
| InfoFrame Type Code InfoFrame Type = 0x02
| InfoFrame Version Number Version = 0x02 or [(x03]
Length of AVI InfoFrame ~ Length of AVI InfoFrame (13)
Data Byte 1 [Y2] Yl Y0 A0 | BI B0 S1 SO
Data Byte 2 Cl CO MI | M R3 R2 R1 RO
Data Byte 3 [TC | EC2 | ECI | ECO Ql Q0 | SCl SCO
Data Byte 4 / [ VICT]/| VIC6 | VIC5 | VIC4 | VIC3 | VIC2 | VICI | VICO
Data Byte 5 / | VQI/] V@ | CNI | CNO | PR3 | PR2 | PRI | PRO
Data Byte 6 / ETB07-ETBOU (Line Number of End of Top Bar - lower 8 bits)
Data Byte 7 / ETB15-ETB08 (Line Number of End of Top Bar - upper 8 bits) ]
Data Byte 8 / [ | SBB07-SBB00 (Line Number of Start of Bottom Bar - lower 8 bits)
Data Byte 9 / SBB13-SBB08 (Line Number of Start of Bottom Bar - upper 8 bits)
DataByte 10 | ELB07-ELB0O (Pixel Number of End of Left Bar - lower 8 bits)
DataByte 11 | ELBI5-ELB08 (Pixel Number of End of Left Bar - upper 8 bits)
Data Byte 12 \ SRBO7-SBB00 (Pixel Number of Start of Right Bar - lower 8 bits)
Data Byte 13 SRB15-SBB08 (Pixel Number of Start of Right Bar - upper 8 bits)
! 1
C1|C0| Colonmatry il Extended 710
0 | 0 |NoData o sl ksl Colorimatry
011 ] SMPTE 179M 0100 |xvYCCeq EC?2 Extended Colanmetry
1] 1 DCI-P3
1 [ 0 [ITURBT 709[7) ] | 0|0 |1 |xvYCCrs
SMPTE 179M I .
! Extended 011]0]sYCCon 17040
e vaid | [0]1] 1] Ada
|1 oolorimelry ! EC2[ECI [ECO] Extended Colorimetry
iing}]iaéegll;ar?éts ‘Lr() 1 0 !AdobeRGB I | 1 [Colorimetry Extension Valid
EC2 See Table 1D | 1 { 0| 1 |ITU-R BT.2020
YicCreChre 17050
17020 |11 |0 |ITU-R BT:2020{ ADataByte 19 [Orig color gamut [CE2[CEI [CEO] S0
| R'G'B or
Y'C'gCh ‘
17030 | |Reserved 7 17060
'EC2]ECI|ECO| Colorimetry Extension

0 | Unspecified colorime

l

17070
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FiG. 18
| InfoFrame Type Code [nfoFrame Type = 0x02
InfoFrame Version Number Version = 0x(2 or [(x03]
Length of AVI InfoFrame Length of AVI InfoFrame (13)
| DataBytel [Y2] | YI [ YO [ A0 | BI j BO | &I S0
Data Byte 2 Cl ¢ { M M0 R3 R2 RI RO
Data Byte 3 ITC | EC2 | ECl | ECO [ QI [ Q0 [ SCI [ SCO
| DalaByted VICT]/] VIC6 | VICS | VIC4 | VIC3 | VIC2Z | VIC1 | VICO
Data Byte 5 VQl / VQ2 | CNI | CNO | PR3 PR2 PRI PRO
| Data Byte 6 ETB07-ETB0{ (Line Number of End of Top Bar - lower 8 bits)
Data Byte 7 / ETBI15-ETB08 (Line Number of End of Top Bar - upper § bits)
| Data Byte 8 | | SBB07-5BB00 (Line Number of Start of Bottom Bar - lower 8 bits)
Data Byte 9 ] SBB15-SBBOS (Line Number of Start of Bottom Bar - upper 8 bits)
DataByte 10 | ELB07-ELB00 (Pixel Number of End of Left Bar - lower 8 bits)
DataByte 11 | . ELB15-ELB08 (Pixel Number of End of Left Bar - upper 8 bits)
DataByte 12 SRB07-SBB00 (Pixel Number of Start of Right Bar - lower 8 bits)
Data Byte 13 SRB15-5BBO8 (Pixel Number of Start of Right Bar - upper § bits)
!
C1{C0| Colorimatry Slsls|  Extended 18010
0 | 0 {NoData =8| =] Colorimatry
0| 1 [Sll\]dPTE 179M 0]10]0|xvYCCeor
11 0 [TTU-R BT 709(7 0101 1xvYCCro
SMPTE 179M | |
P rtended 5 01110!sYCCa E(132 | E(131 E(130 5 lExj[ended ](Elolonr_net[\}]r y
Colorimetry olorimetry Extension Va
| 1 | Tnformation Valid | {01 |1 | Adobevccs
et 18040
ingicated m Dits
(ECO,EC1and 9]0 | Adoberas
YcCrcChre 7

18020 |14 ' l WTU-R BT.2020

Colorimetry Extension

0 | Unspecified colorim

R'G'B'or DCI-P3

Y'CrChr

13260 18030 v{ 1) 1|1 |Reserved  / 18050
| InfoFrame Type Code ) [nfoFrame Type = 0x(7
| InfoFrame Version Number 1 Version = 0x01

Length of Info Frame gth of following HDR Metadata InfoFrame

Data Byte | CE0 | F14=0 | FI3=0 EOTF (3 bits)

| ) ] ) ~ | Static Metadata_
| Data Byte 2 | FZE =0 | F26=0 | f‘24 =0 | F23=0 Descriptor ID (3 bis)

Data Byte 3 Static Metadata Descriptor

Data Byte n
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FlG. 19

[nfoFrame Type Code [nfoFrame Type = 0%(2

InfoFrame Version Number | Version = 0x02 or [(x03]

Length of AVI InfoFrame _ Length of AV1 InfoFrame (13)

Data Byte | [Y2] | Yl | YO | A0 | BI | B0 | SI 30
| Data Byte 2 | Ci CO Ml M0 R3 R2 RI | RO
| Data Byte 3 /| IIC ECILL EC1 | ECO Ql | QO SCI SCO

Data Byte 4 / | [VICT] | VIC6 | VIC5 | VIC4 | VIC3 [ VIC2 | VICI | VICO

Data Byte 5 / VQl | VQ2 | CNI | CNO | PR3 PR2 | PRI PRO

Data Byte 6 / B ETB07-ETB00 (Line Number of End of Top Bar - lower § bits)
| Data Byte 7 ETB15-ETB08 (Line Number of End of Top Bar - upper 8 bits)

Data Byte 8 / SBB07-SBB00 (Line Number of Start of Bottom Bar - lower 8 bits)

Data Byte 9 / SBB135-SBB08 (Line Number of Start of Bottom Bar - upper § bits)

DataByte 10 | ELB07-ELB00 (Pixel Number of End of Left Bar - lower 8 bits)

DataByte 11 | ELB15-ELBO8 (Pixel Number of End of Left Bar - upper § bits)

DataByte 12 | | SRBO7-SBB00 (Pixel Number of Start of Right Bar - lower 8 bits)

Data Byte 13 SRB15-SBBOB (Pixel Number of Start of Right Bar - upper 8 bits)

Data Byte 14 CE2 | CEl | CEO
C1|C0| Colorimatry e3|slss|  Extended
0 [ 0 | NoData ||| Colonmatry EC2 | EC! |ECO| Colorimetry Extension
0 [ 1 [SMPTE 179M 0100 |xvYCCe | 0 | 0 | 0 | Unspecified colorimetry

] k 0 ] o1 DCI-P3

1 | 0 [ITURBT 709[71 | [0 0|1 [xvYCCro0
| ]SggngEeg oM 011 | 0 {sYCCoep;
Colorimetry |l | |
FRE g?gﬁaﬁlté% Valid ilil 1 | Adobeyccsor
e | [1]0]0]Adder | _
EC2. See Table )| ' o T T rrum BT.2020 EC2[ ECI[ECO| _Extended Colorimetry_
' C'acClre | | 1 | 1 [Colormetry Extension Valid
|T|T| 0 | ITU-R BT.2020

RGB or
Y'C'sChr
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FIG. 20
[ Offset | Description/Format
0x00 HDR Data Block
0 | BLOCK Revision and Other Data
|01 | [ 0 | REVISION 0
0]0] RESERVED (BLOCK SPECIFIC)
| 0x(2 Number Of Payload Bytes
0x03 Control option flag
| %8? Descriptor Sink Device Dynamic Range
0x06 | Descriptor | Transfer Function Type flag
8’;81” Descriptor Unspecified TF details
!
. Unspecified TF coeflicients
xgB~ Descriptor (TF coefficient 1.... TF coefficicnt N)
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FiG. 21

Offset Value Description/Format
0x06 [7]6]5]4)3]2] ILTransfer Function Type flag
]
|

_ | Unspecified Transfer Function
| | BT.1886

- f e ] e | e | e

L 1] 1 {_|_ |SMPTEST 2084
::1 B Reserved | reserved
ls 413 {2 1]0]|Unspecified TF Detais
- Ox0->0xF | || _ [_ | Type of Unspecified Transfer Function
0x0 -> 0xF | Number of coefficients in Unspecified Transfer Function
] Number of types
0x08 0~3 | Bitdepth
| _{_|_| Reserved |reserved
0x09 0x00 -> 0xFF | Lowest Brightness level of Sink device (hgher 8 bits)
1| - [ [ | [ | [ [LowestBnghtness level of Sink device (LSB)
0x00 -> 0x3F | Highest Brightness level of Sink device (total 7 bits)

K 6‘5 4 3[2 1 | 0| Unspecified TF coefficients
0x0B | 0x00 -> OxFF TF coefficient 1

o

0x0A

0x00 -> 0xFF TF coetficient N
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if(luminance max + alpha <= max_display brightness)
¢lse 1f{luminance upper bound + beta >=max display brightness )

US 9,661,294 B2

— case 3
— case |
— ¢ase 2

53040

pr— i ——

else
FIG. 24
53010 53020 53030
EOTF Display Display Adaptive
(inv. Gamma ~ Dynamic Range +— Dynamic Range
[nv. PQ, etc) Categorization transformation
FIG. 25
output
dynamic range

dynamic range

(Quantization

intput
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FiG. 28

1

| sei_payload( payloadType, payloadSize ) { Category | Descriptor

_ : | {

if( payloadType == 53)
Dynamic_range_transformation_info(payloadSize) | 5 | ,
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FIG. 29
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Dynamic range fransformation info(payloadSize) {

-

luminance max

luminance min

| Descriptor l

|

private EOTF

if(private EOTF = 1){

number of coeff

for(i=0; 1<number of coeff; i++)

fransfer curve coefifij

j

clipping flag

linear mapping flag

if(clipping flag == 1) {

luma clipping upper bound

luma clipping lower bound

|

luminance upper bound

luminance_lower_bound

luma upper value

luma lower value

mid DR transformation curve type

mid DR transformation curve()

mid:DR _percentage

upper DR _transformation curve type

upper DR _transformation_curve()

upper DR percentage

lower DR _transformation curve type

lower DR _transformation curve()

number_luminanc e upper_bound_diff

for(i=0; number luminance upper bound diff; i++) {

luminance upper bound diff[i]}

luma upper value difffi]

upper DR transformation curve typeli]

upper DR transformation curve()

upper DR percentage]i]

mid DR percentagefi]
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FIG. 30
mid DR transformation curve type Description
| 0x00 | Linear function
0x01 | Logarithmic function
0x02 | Exponential function
0x03 S-curve
0x04 } combination
0x05 Look-up table I
0x06 ~ OxFF

Reserved
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FIG. 31
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Syntax

| No.ofbits | Format I

DR _transformation curve () {
if (DR transformation curve type="0x00") {

gradient

ilse if (DR_transformation curve type="0x01") {
coeff a

}

else 1f (DR _transformation curve type—‘0x02’) {
coeff a

}

else if (DR _transformation curve type=‘0x03") {
intersection X
coeff al
coeff a2
}
else 1f (DR transformation curve type="0x04’) {
number section
for(1=0; number_section; 1++){
itersection x|i]
DR _transformation_curve typefi]
if (DR_transformation_curve_type="0x00") {
gradient]1]
!

else if (DR_transformation curve type=‘0x01") {
coeff afi]
}

else 1if (DR_transtormation_curve type="0x02’) {
coeff afi]
}

else if (DR _transformation curve type—"0x05’) {
entry length
for (1=0; i<entry length; 1++) {
in value
out value

}
}

uimsbf

uimsbf

| uimsbf

mmsbf
utmsbf
wimsbf

uimsbf

wmsbf
uimsbf

| wimsbf

uimsbf

urmsbit

uimsbf

uimsbf
wmsbf
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FIG. 32
Syntax No. of Bits | Format
| event informaion table section() { |
table 1d 8 0xCB
section syntax indicator l '
pricate indicator | 1 T |
reserved 2 11’
section length 12 uimsbf
source 1d | 16 uimsbf
reserved 2 11 |
version number 5 uimsbf
current next indicator | 1 'l
section number 8 uimsbf
last section number 3 uimsbf |
protocol_version 8 uimsbf
num_events in_section 8 | wimsbf
for (j=0; j<num_events in_section; j++ {
reserved 2 11
event 1d 14 uimsbf
start_time 32 uimsbf |
reserved | 2 1"
ETM location 2 uimsbt
length in seconds 20 uimsbf
title length g uimsbf |
title text() | var
reserved 4 'T11' |
descriptors length 12
for (1=0; 1<N; 1+1+) {
descriptor()
j |
;
CRC 32 32 rpchof
;
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FIG. 33

Syntax No.of bits | Format
| dynamlc_ra.nge_transformatlon_mfo_descrlptor () { | |
descriptor tag 8 vimsbf
| descriptor length 8 uimsbf
reserved 4
number of HDR info 4 '
| for(i=0; i<number of color info; i++) {
dynamic range transformation metadata () | |
)
}
FIG. 34
dynamic_range transformation metadata () { No. of bits | Format
luminance max
luminance min | I

luminance _upper_bound

luminance lower bound
number luminance upper bound diff
for(i=0; number luminance upper bound diffi++) { |
luminance upper bound diff]i]

) | ‘ |

B
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FIG. 35
Syntax , L | No.ofbits | Format |
UHD program info descriptor () { |
descriptor tag 8 uimsbf |
descriptor length 8 | uimsbf
L UHD service type 1 4 uimsbf |
Reserved 4 |
} A 3
FIG. 36
| UHD service type I Example of usage |
0000 UHD1
| 0001 | UHD2 |
0010-0111 Reserved
1000-1111 | User private |
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F1G. 37
Syntax No.of Bits  Format
terrestrial virtual channel table section() { B L
table 1d 8 0xCB |
section_syntax tndicator 1 Gt |

' pricate_indicator 1 '’
reserved | 2 | 11"

q section length | 12 | uimsbf |
transport stream_id 16 | uimsbf |
reserved 2 1
version number d uimsbf

| current next indicator B T |
section number 8 | uimsbf
last section_number | 8 nimsbf
protocol_version 8 | nimsbf
num channels in section 8 uimsb{
for (7=0; 1<num_channels in section; 1++_{

short name 7*16 11"
reserved 4 uimsbf
major_channel number 10 uimsbf
minor channel number 10 11’
modulation mode 8 uimsbf
carrier_frequency 32 uimsbf
channel TSID 16 uimsbf
program number 16 | uimsbf
ETM location | 2 | uimsbf
access controlled | 1 | bslbf
hidden B bslbf
reserved | 2 ; 11
hide guide 1 bslbf
reserved 3 111

6 | wimsbf |
source id | 16 uimsbf
reserved 6 "TI1111'
descriptors length 10 | uimsbf
for (i=0; 1<N; i++) { |
}
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FiG. 38

| Service | service |

|

scenario | _type Descriptors

| \ Component list descriptor

. 0x07 | Service location descriptor
| UHD deSCfiptﬁf |

UHD | i Component list descriptor

| 0x09 | Parameterized service descriptor
| Service location descriptor

I .

0x10 UHD descriptor

i

Service location descriptor

US 9,661,294 B2
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FIG. 39

Decode video data S39010

Transmit decoded video data and dynamic range mastering
information including dynamic range related ifnormation of
video data to sink device via interface

539020

FIG. 40
40(;30
Reception unit - playback unit
40010 40020
FiG. 41
41330
Decoder —— Transmission unit

41010 41020
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VIDEO DATA PROCESSING METHOD AND
DEVICE FOR DISPLAY ADAPTIVE VIDEO
PLAYBACK

This application claims the benefit of U.S. Provisional >
Patent Application No. 62/000,539 filed on May 20, 2014,

which 1s hereby incorporated by reference as 1t fully set forth
herein.

BACKGROUND OF THE INVENTION 10

Field of the Invention

The present invention relates to processing of video data
and, more particularly, to a video data processing method
and device for display adaptive video playback. 15

Discussion of the Related Art

As a video signal processing rate has increased, research
into a method for encoding/decoding ultra high definition
(UHD) video has been conducted.

UHD content 1s aimed at providing improved image 20
quality as compared to existing content. Research into and
development of a UHD video element have been conducted
in various fields 1n addition to a broadcast field. A demand
for providing an improved user experience, which has not
been provided by existing content in terms of color and 25
brightness, has increased.

Therefore, eflorts to increase the ranges of color and
brightness among various elements configuring UHD video
to provide a high-quality image have been continuously
made. 30

A UHD display device 1s different from an existing
display device in terms of improvement of color and bright-
ness.

However, under various display device conditions, tech-
nology for optimally viewing UHD content has not been 35
developed.

For example, 1if UHD content 1s supplied via a next-
generation display device, the color or brightness of an
image may be restricted according to the physical properties
of a display device and thus content may not be appropri- 40
ately displayed.

In order to adaptively control the color and brightness of
content according to display device, content transformation
should be performed based on accurate analysis of the
properties of the display device. However, 11 UHD content 45
1s supplied via an external device, delivery of the properties
of the display device may be restricted.

SUMMARY OF THE INVENTION

50

Accordingly, the present invention 1s directed a video data
processing method and device for display adaptive video
playback that substantially obviate one or more problems
due to limitations and disadvantages of the related art.

An object of the present invention 1s to provide a video 55
processing method and a video processing device capable of
allowing a viewer to optimally view content including UHD
content under various display device conditions.

Another object of the present invention devised 1s to
provide a video processing method and a video processing 60
device capable of reducing color or brightness restrictions
according to the physical properties of display devices when
content including UHD content 1s displayed on various
display devices.

A further object of the present invention 1s to provide a 65
video processing method and a video processing device
capable of allowing a viewer to optimally view content

2

including UHD content by delivering the properties of a
display device even when content including the UHD con-
tent 1s supplied via an external device.

Additional advantages, objects, and features of the inven-
tion will be set forth 1n part 1n the description which follows
and 1n part will become apparent to those having ordinary
skill 1n the art upon examination of the following or may be
learned from practice of the invention. The objectives and
other advantages of the invention may be realized and
attained by the structure particularly pomnted out in the
written description and claims hereol as well as the
appended drawings.

To achieve these objects and other advantages and 1n
accordance with the purpose of the invention, as embodied
and broadly described herein, a video data processing
method includes receiving video data and dynamic range
mastering information including dynamic range related
information of the video data from a source device via an
interface, the dynamic range mastering information includ-
ing electro optical transfer function (EOTF) type informa-
tion for identifying an EOTF used for the video data, and
playing the received video data back.

Preferably, the dynamic range mastering information
includes information indicating maximum brightness of a
mastering display and information indicating minimum
brightness of the mastering display.

Preferably, the dynamic range mastering information
includes chromaticity coordinate information of three pri-
mary colors and white color of a mastering display.

Preferably, the dynamic range mastering information
includes additional information of the EOTF according to
the EOTF type information.

In other aspect of the present invention, a video data
processing device includes a reception unit configured to
receive video data and dynamic range mastering information
including dynamic range related information of the video
data from a source device via an interface, the dynamic
range mastering information mcluding electro optical trans-
fer function (EOTF) type information for identifying an
EOTF used for the video data, and a playback unit config-
ured to play the received video data back.

Preferably, the dynamic range mastering information
includes information indicating maximum brightness of a
mastering display and information indicating minimum
brightness of the mastering display.

Preferably, the dynamic range mastering information
includes chromaticity coordinate imnformation of three pri-
mary colors and white color of a mastering display.

Preferably, the dynamic range mastering information
includes additional information of the EOTF according to
the EOTF type information.

In other aspect of the present invention, a video data
processing method includes decoding video data, and trans-
mitting the decoded video data and dynamic range mastering
information including dynamic range related information of
the video data to a sink device via an interface, wherein the
dynamic range mastering information includes electro opti-
cal transfer function (EOTF) type information for identify-
ing an EOTF used for the video data.

Preferably, the dynamic range mastering information
includes information indicating maximum brightness of a
mastering display and information indicating minimum
brightness of the mastering display.

Preferably, the dynamic range mastering information
includes chromaticity coordinate imnformation of three pri-
mary colors and white color of a mastering display.




US 9,661,294 B2

3

Preferably, the dynamic range mastering information
includes additional information of the EOTF according to

the EOTF type information.

In other aspect of the present mnvention, a video data
processing device includes a decoder configured to decode 5
video data, and a transmission unit configured to transmit the
decoded video data and dynamic range mastering informa-
tion including dynamic range related information of the
video data to a sink device via an interface, wherein the
dynamic range mastering information includes electro opti- 10
cal transter function (EOTF) type information for identity-
ing an EOTF used for the video data.

Preferably, the dynamic range mastering information
includes information indicating maximum brightness of a
mastering display and information indicating minimum 15
brightness of the mastering display.

Preferably, the dynamic range mastering information
includes chromaticity coordinate immformation of three pri-
mary colors and white color of a mastering display.

It 1s to be understood that both the foregoing general 20
description and the following detailed description of the
present ivention are exemplary and explanatory and are
intended to provide further explanation of the invention as
claimed.

25
BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are mcluded to pro-
vide a further understanding of the invention and are incor-
porated 1n and constitute a part of this application, illustrate 30
embodiment(s) of the mmvention and together with the
description serve to explain the principle of the invention. In
the drawings:

FIG. 1 1s a diagram showing a video data processing
method according to one embodiment of the present inven- 35
tion.

FIG. 2 1s a diagram showing an example of connecting a
source device and a sink device 1n order to transmit and
receive a video 1mage.

FIG. 3 1s a diagram showing an embodiment of transmit- 40
ting and receiving information when the source device 1s
connected to the sink device according to an embodiment of
the present mnvention.

FIG. 4 1s a diagram showing an example ol information
delivered from the sink device to the source device accord- 453
ing to an embodiment of the present invention.

FIG. 5 1s a diagram showing a detailed field value of the
above-described embodiment as an example of information
delivered from the sink device to the source device accord-
ing to an embodiment of the present invention. 50

FIG. 6 1s a diagram showing a detailed example of a
control option flag according to an embodiment of the
present mvention.

FIG. 7 1s a diagram showing a detailed example of sink
device dynamic range information according to an embodi- 55
ment of the present invention.

FIG. 8 1s a diagram showing a display parameters data
block of a DisplaylD as the display related information
transmitted from the sink device to the source device accord-
ing to an embodiment of the present invention. 60

FIG. 9 1s a diagram showing a display device data block
as the display related information described in an embodi-
ment of the present invention.

FIG. 10 1s a diagram showing another example of deliv-
ering the display related information from the sink device to 65
the source device according to one embodiment of the
present mvention.

4

FIG. 11 1s a diagram showing information to be delivered
from the source device to the sink device according to an
embodiment of the present invention.

FIG. 12 1s a diagram showing a detailed example of post
processing type information disclosed according to an
embodiment of the present invention.

FIG. 13 1s a diagram showing a detailed example of
original color gamut information Orig_color_gamut accord-
ing to an embodiment of the present invention.

FIG. 14 1s a diagram showing another example of deliv-
ering video color information from the source device to the
sink device according to an embodiment of the present
ivention.

FIG. 15 1s a diagram showing an example of a signal
processing device according to one embodiment of the
present invention and operations thereof.

FIG. 16 1s a diagram showing the configuration of an
EOTF type according to one embodiment of the present
invention.

FIG. 17 1s a diagram showing a method of signaling a
DCI-P3 color gamut according to one embodiment of the
present 1nvention.

FIG. 18 1s a diagram showing a method of signaling a
DCI-P3 color gamut according to another embodiment of
the present invention.

FIG. 19 1s a diagram showing a method of signaling a
DCI-P3 color gamut according to another embodiment of
the present mnvention.

FIG. 20 1s a diagram showing information on a transfer
function which may be processed by the sink device accord-
ing to one embodiment of the present invention.

FIG. 21 1s a diagram showing detailed field values used 1n
a method of delivering information on a transier function
which may be processed by the sink device according to one
embodiment of the present invention.

FIG. 22 1s a diagram showing the worktlow of a UHD
broadcast signal reception device according to one embodi-
ment of the present invention.

FIG. 23 1s a diagram showing a criterion for categorizing
the display characteristics of the reception device according,
to one embodiment of the present invention.

FIG. 24 1s a diagram showing a video processing proce-
dure of UHD broadcast content according to one embodi-
ment of the present invention.

FIG. 25 1s a diagram showing a clipping option and a
lincar dynamic range transformation method according to
one embodiment of the present invention.

FIG. 26 15 a diagram showing the types of transformation
curves transmitted via high dynamic range metadata accord-
ing to one embodiment of the present invention.

FIG. 27 1s a diagram showing an adaptive dynamic range
transformation method according to categorization of the
display of the UHD broadcast signal reception device
according to one embodiment of the present invention.

FIG. 28 1s a diagram showing the structure of a supple-
mental enhancement information (SEI) message according
to one embodiment of the present invention.

FIG. 29 1s a diagram showing high dynamic range trans-
formation 1nfo (payloadSize) included and transmitted 1n an
SEI message according to one embodiment of the present
invention.

FIG. 30 1s a diagram showing mid area transiformation
curve type nformation mid_DR_transformation_curve_
type according to one embodiment of the present invention.

FIG. 31 1s a diagram showing transformation curve
detailed information DR_transformation_curve according to
one embodiment of the present invention.
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FIG. 32 1s a diagram showing an event information table
according to one embodiment of the present invention.

FIG. 33 1s a diagram showing a dynamic range transior-
mation information descriptor dynamic_range_transforma-
tion_info_descriptor according to one embodiment of the
present mvention.

FIG. 34 1s a diagram showing HDR metadata dynami-
c_range_transformation_metadata( ) 1ncluded 1 the
dynamic range transformation information descriptor
dynamic_range transformation_info_descriptor( ) accord-
ing to one embodiment of the present invention.

FIG. 35 1s a diagram showing a UHD program informa-
tion descriptor UHD_program_info_descriptor( ) according
to one embodiment of the present invention.

FIG. 36 1s a diagram showing a UHD_service_type field
included i the UHD program information descriptor
UHD_program_info_descriptor( ) according to one embodi-
ment of the present invention.

FI1G. 37 1s a diagram showing a terrestrial virtual channel
table (TVCT) according to one embodiment of the present
invention.

FIG. 38 1s a diagram showing a descriptor capable of
identifying a UHD broadcast service according to one
embodiment of the present invention.

FIG. 39 1s a diagram showing a video data processing
method according to another embodiment of the present
invention.

FI1G. 40 15 a diagram showing the configuration of a video
data processing device according to one embodiment of the
present mvention.

FI1G. 41 1s a diagram showing the configuration of a video
data processing device according to another embodiment of
the present invention.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are 1llustrated 1n the accompanying drawings. However, the
invention should not be limited to the specific embodiments
described herein.

Although the terms used in the present invention are
selected from generally known and used terms, terms used
herein may vary depending on operator’s intention or cus-
toms 1n the art, appearance of new technology, or the like.
In addition, some of the terms mentioned in the description
of the present invention have been selected by the applicant
at his or her discretion, the detailed meanings of which are
described in relevant parts of the description heremn. Fur-
thermore, 1t 1s required that the present invention 1s under-
stood, not simply by the actual terms used but by the
meanings of each term lying within.

FIG. 1 1s a diagram showing a video data processing
method according to one embodiment of the present inven-
tion.

The wvideo data processing method according to one
embodiment of the present mmvention may include step
S1010 of recerving video data and dynamic range mastering
information including dynamic range related information of
the video data from a source device via an interface and/or
step S1020 of playing the received video data back. Here,
the dynamic range mastering information may include elec-
tro optical transier function (EOTE) type information for
identifying an EOTF used 1n the video data. The dynamic
range mastering information will be described 1in detail

below with reference to FIGS. 11, 12 and 14.
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According to another embodiment of the present inven-
tion, the dynamic range mastering information may include
information mdicating maximum brightness ol a mastering
display and/or minimum brightness of the mastering display.
Here, the information indicating maximum brightness of the
mastering display may indicate Ong white lumi-
nance_level information and the information indicating
minimum brightness of the mastering display may indicate
Orig_black_luminance_level. These will be described 1n
detail below with reference to FIGS. 11, 12 and 14.

According to another embodiment of the present inven-
tion, the dynamic range mastering information may include
chromaticity coordinate mnformation of three primary colors
and white color of the mastering display. The chromaticity
coordinate mformation of the three primary colors of the
mastering display and/or the chromaticity coordinate infor-
mation of the white color of the mastering display may be
signaled using Orig_color_gamut, Red-x, Red-y, Green-x,
Green-y, Blue-x, Blue-y, White-x and/or White-y fields.
These will be described 1n detail below with reference to
FIGS. 11 and 14.

According to another embodiment of the present inven-
tion, the dynamic range mastering information may include
additional information of the EOTF according to the EOTF
type mformation. Here, the additional information of the
EOTF may include EOTF_additional_info and/or EOTF_
Coethlicient. This will be described 1n detail below with
reference to FIGS. 11 and 14.

FIG. 2 1s a diagram showing an example of connecting a
source device and a sink device in order to transmit and
receive a video 1image. Referring to this figure, the source
device capable of performing image decoding and image
quality processing and the sink device capable of outputting
an 1mage exchange mformation will now be described.

The source device 100 includes a device for decoding
images received via various routes, such as broadcast,
storage media such as Blu-ray, ultraviolet (UV) or secure
content storage association (SCSA), or Internet protocol (IP)
streaming, or a device capable of performing video process-
ing for image quality processing. For example, the source
device 1includes set-top boxes, players of storage media such
as Blu-ray disc (BD) players, computers, eftc.

Video processing of the source device 100 may include a
method for changing image quality, such as wide color
gamut (WCG), high dynamic range (HDR) or other post
processing. In this case, video processing i1s not uniformly
performed, but whether a video source can be played back
on a display device 1s determined based on display infor-
mation provided by the sink device, e.g., color gamut
information or dynamic range information, and the image 1s
converted 1nto 1mage quality suitable for the display device
and provided thereto.

In addition, 1f the video processing procedure of the
source device 100 needs to be controlled by the sink device
200, mformation about which video processing procedure 1s
used may be received from the source device 100.

The source device 100 may recerve display-related
metainformation or display option information from the sink
device 200. Based on the received information, the source
device 100 may provide UHD video metadata and process-
ing option mformation of processed video to the sink device
200. The sink device 200 may display video processed by
the source device 100 based on the data or information
provided by the source device 100. The sink device 200 may
display video processed by the source device 100 according
to the color gamut information suitable for the display or
within the dynamic range.
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FIG. 3 1s a diagram showing an embodiment of transmit-
ting and receiving information when the source device 1s
connected to the sink device according to an embodiment of
the present mnvention.

This example shows the case in which the source device
1s connected to the sink device via a wired interface such as
a high definition multimedia iterface (HDMI) or a Display-
Port. This example shows an embodiment 1n which, when
the source device and the sink device are connected via the
wired interface, the sink device 200 controls (activation or
deactivation of) a lhigh dynamic range (HDR) and WCG
function of the source device 100 via a data block of the
HDR of extended display identification data (EDID) and the
source device reads the changed EDID of the sink device.

When the source device 1s connected to the sink device
via the wired interface, the source device provides a high-
level voltage on a +5V power line of the wired interface and
the sink device confirms that the source device 1s connected
(S1).

The sink device provides a high-level voltage on a hot
plug detect line maintained at a low-level voltage to inform
the source device that completion of connection with the
sink device and display related information such as EDID
(heremaftter, referred to as display related information) 1s
ready to be read (S2).

The source device confirms that the hot plug detect line
transitions to a high level and makes a request for reading
the display related information from the sink device via a
display data channel (S3) and the sink device transmits the
display related information to the source device via the
display data channel (S4).

When a field of a control option flag of an HDR data block
of the display related information 1s changed by functional
determination of the sink device or 1s signaled according to
a user request (S5), the sink device provides a low-level
voltage on the hot plug detect line and maintains this voltage
for a predetermined time, for example, at least 100 ms, 1n
order to inform the source device of the updated information
of the display related information (56).

When the source device can read the display related
information, the sink device provides a high-level voltage to
the hot plug line (587) and the source device detects the
high-level voltage and makes a request for reading the
display related information via the display data channel
(S8). Then, the sink device transmits the changed display
related information via the display data channel (59).

Based on such operation, an example of exchanging
information between the source device and the sink device
according to an embodiment of the present invention will be
described.

According to the embodiment of the present invention, 1n
response to the request of step S3 or S8, the sink device may
deliver color gamut information and brightness information
to the source device (included 1n S4 or S9).

The color gamut information may include color primary
coordinates on a CIE xy diagram of a color gamut corre-
sponding RGBW or color gamut information such as BT.
709 or BT. 2020. This information may be delivered via the
color characteristics data block of a DisplaylD defined in an
interface. Brightness related information may include a
maximum brightness value or minimum brightness value
and may be delivered using a datablock defined 1n Dis-
playID, EDID or EDID extension information, etc. of the
interface according to the example disclosed 1 the embodi-
ment.

Then, the source device determines whether the color or
brightness information of video needs to be adjusted based
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on the delivered display related information. If it 1s deter-
mined that the color or brightness mformation needs to be
adjusted, the source device may perform transformation
based on color mapping or dynamic range mapping infor-
mation provided by video or autonomously provide color or
brightness iformation of video.

The source device delivers final video obtained by adjust-
ment to the sink device. At this time, color gamut or dynamic
range related metadata of the final video may be delivered
via an InfoFrame of the interface. The color gamut infor-
mation may be delivered using color gamut information

(e.g., BT. 709, BT. 2020, etc.) pre-defined 1n an AVI infoF-

rame of the interface. The dynamic range metadata related
information may deliver maximum or minimum brightness
information and may be delivered via a method of defining
a new InfoFrame using the methods described 1n the
embodiments or a method of extending an AVI InfoFrame.

If information on video processing of the source device
needs to be provided when the source device delivers the
final video, processing mformation of a video processing
unit, such as HDR information or WCG information, may be
delivered using post_processing_type in the InfoFrame via
the methods described in the embodiments. In addition, 1f
color transformation function information such as a new
clectro-optical transter function (EOTF) needs to be defined
and used 1n association with the HDR information of the
final video, information on a new color transformation
function may be delivered using an interface information
flag.

The sink device determines whether processing of the
final video by the source device 1s suitable and determines
whether the source device needs to be controlled via feed-
back. In this case, the source device may be controlled via
a control option flag in a datablock defined 1n DisplayID,
EDID, EDID extension information, etc. described in the
embodiments. I1 the result of video processing of the source
device, such as WCG information or HDR information, 1s
suitable, the sink device may activate bits related to the
WCG information or HDR information such that the same
processing continues.

If processing 1s unsuitable, the sink device may deactivate
the bits related to the WCG information or HDR 1nformation
to stop video processing.

The sink device changes video processing based on
information included 1n the control option flag 1f the infor-
mation delivered via the control option tlag 1s different from
video processing of the source device. If UHD video meta-
data 1s changed in association with changed video process-
ing, the color characteristics information and brightness
information 1n the InfoFrame may be changed and updated
according to a video processing procedure with a changed
post_processing_type. Then, step S5 1s performed.

Hereinafter, information delivered from the sink device to
the source will be described.

According to the embodiment of the present invention, 1f
the source device processes HDR related information, the
source device may perform video processing suitable for the
sink device based on playback information of the sink
device. In this case, the sink device may deliver information
on a display dynamic range, e.g., sink black luminance level
or sink white luminance level and a flag for controlling post
processing of the source device to the source device. In this
case, the data block of the DisplaylD, EDID or EDID
extension may be used, which will now be described 1n
detaul.
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FIG. 4 1s a diagram showing an example ol information
delivered from the sink device to the source device accord-
ing to an embodiment of the present invention.

This figure shows an example of information delivered
from the source device to the sink device using a data block
of a DisplayID.

This figure shows an offset field and value field of the data
block of the DisplayID and a description and format thereof.
For example, 11 the oflset field of the data block of the
DisplayID 1s 0x00 and the value field 1s O0x14, an HDR data
block may be 1ndicated.

As shown 1n the figure, 1t the oifset field 1s 0x03, a tlag
(control option flag) for controlling post processing of the
source device may be indicated. A detailed example of the
value will be described below.

If the offset field 1s 0x04 or 0x05, information on a
brightness value (sink black luminance level, sink white
luminance level, etc.) expressed by the sink device may be
delivered.

The data block of the DisplaylD may further include
information necessary for video processing according to the
oflset field value. For example, 1f the oflset field 1s 0x03,
HDR related post processing related imformation may be
delivered using a current reserved field, etc.

Here, the value of the offset field or the value field may
be arbitrarily changed and a detailed example of the control
option flag and an example of display information of the sink
device will be described below.

FIG. 5 1s a diagram showing a detailed field value of the
above-described embodiment as an example of information
delivered from the sink device to the source device accord-
ing to an embodiment of the present invention.

As the information delivered from the sink device to the
source device, the control option flag of the data block of the
DisplayID 1s a field for controlling (on/ofl) a post processing
procedure performed by the source device. According to the
embodiment of the present invention, using this tlag, various
options to be provided in the future over the interface of the
source/sink device may be indicated. Here, HDR and WCG
related options are disclosed.

As described above, 1f the offset field of the data block of

the DisplayID 1s 0x03, the control option flag for controlling
the source device may be indicated. According to the bit
location of the value field, HDR processing of the source
device may be activated or WCG processing of the source
device may be activated. In this example, this information 1s
expressed using lower 2 bits.

The field disclosed 1n the present embodiment may be
signaled by user request or controlled by functional deter-

mination of the sink device (if the processing capabilities of

the sink device exceed those of the source device). In the
embodiment of the present invention, information exchange
between the sink and source devices may be performed with
respect to frame rate control (FRC) and multilayer video
enhancement function using reserved bits. Here, the oflset
field or the value field 1s an arbitrary value and may be
changed.

FIG. 6 1s a diagram showing a detailed example of a
control option flag according to an embodiment of the
present mvention.

Information for controlling HDR and WCG processing,
performed by the source device may be set in lower 2 bits
of the value field of the ofiset field of the control option flag.

The following examples may be used by combinations of

two tlags.
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In this example, 1 the value field 1s 00000000, this
indicates that the source device does not perform any
processing. For example, 11 the value field 1s 10000000, this
indicates information on HDR processing of the source
device, that 1s, indicates an option that the source device
only performs HDR processing. As another example, 11 the
value field 1s 01000000, this indicates information on WCG
processing ol the source device, that 1s, indicates an option
that the source device only performs WCG processing.

As another example, 1 the value field 1s 11000000, this
indicates control option information indicating that the
source device performs both HDR and WCG processing,
based on the information delivered by the sink device, which
may be used as an initial value.

FIG. 7 1s a diagram showing a detailed example of sink
device dynamic range iformation according to an embodi-
ment of the present invention.

As shown, the sink device may deliver the dynamic range
information of the sink device to the source device using the
data block of the DisplayID and inform the source device of
brightness information, etc. of the sink device.

The dynamic range information of the sink device 1ndi-
cates maximum and minimum physical brightness values (in
nit or cd/m2) expressing the dynamic range of the display of
the sink device.

For example, if the offset field of the data block of the
DisplayID 1s 0x04 or 0x03, this indicates the dynamic range
information of the sink device.

In this example, 1f the ofiset field of the data block of the
DisplayID 1s 0x04, the brightness information of the lowest
level of the sink device may be indicated using 8 bits higher
than lower 8 bits.

If the ofiset field of the data block of the DisplaylD 1s
0x035, the least significant bit (1 bit) of the value field
indicates the brightness information of the lowest level of
the sink device and the remaining bits of the value field
indicate the brightness information of the highest level of the
sink device.

Here, the oflset field or the value field 1s an arbitrary value
and may be changed.

The minimum brightness information (denoted by sink
black_luminance_level) and the maximum brightness infor-
mation (sink_white_luminance_level) of the sink device
indicated using this information are as follows.

For example, the minimum brightness information (sink_
black_luminance level) of the sink device indicates the
minimum brightness of the display and may be expressed in
units of 0.0001 1 a range of 0 to 0.05 1n consideration of
general lowest brightness. That 1s, when the physical bright-
ness of the display is brightness black (in cd/m”), real
minimum brightness may be calculated from the minimum
brightness information (sink_black luminance level) as
follows.

Brightness_black=sink_black luminance levelx
10000

(O<=sink_black luminance_level<=500<29)

For example, in case of a reference monitor, minimum
reference brightness is 0.05 cd/m” and 500 obtained by
multiplying the minimum reference brightness by 10000
(decimal number) may be transmitted.

The maximum brightness information (sink_white lumi-
nance_level) of the sink device indicates the maximum
brightness of the display and may be expressed in units of
100 1n a range of 100 to 10000 1n consideration of general
highest brightness. That 1s, when the physical brightness of
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the display is brightness_white (in cd/m”), real maximum
brightness may be calculated from the maximum brightness
information (sink_white_luminance_level) as follows.

Brightness_white=sink_white luminance_levelx100

(1<=sink_white luminance level<=100<27)

For example, in case of a reference monitor, maximum
reference brightness is 100 c¢d/m? and 1 which is a quotient
of the maximum reference brightness divided by 100 (deci-
mal number) may be transmitted.

According to one embodiment of the present invention,
the maximum brightness information of the sink device
and/or the minimum brightness information of the sink
device may indicate capablhtles of the dynamic range of the
display. That 1s, the maximum brightness information and/or
the minimum brightness information of the sink device
according to one embodiment of the present invention may
indicate desired content max luminance data and/or desired
content min luminance data necessary to optimally render
content in consideration of capabilities of the display.

Another embodiment of delivering the display related
information from the sink device to the source device will
now be described.

FIG. 8 1s a diagram showing a display parameters data
block of a DisplaylD as the display related information
transmitted from the sink device to the source device accord-
ing to an embodiment of the present invention.

As the display related information, the display parameters
data block of the DisplaylD may include all parameters of a
monitor. As shown 1n this figure, the display parameters data
block includes a horizontal or vertical image size (the oflset
field 1s 0x03 or 0x04), a horizontal or vertical pixel count
(the oflset field 1s 0x05 or 0x06), a tflag indicating a function
supportable by the monitor (the oflset field 1s 0xOB), a
gamma used 1n a transformation function (the offset field 1s
0x0C), a display aspect ratio (the oflset field 1s Ox0D) and a
pixel bit depth (the oflset field 1s 0xOE).

According to the embodiment of the present invention,
the display parameters data block may include the above-
described control option tlag information and sink device
dynamic range information. That 1s, according to the
embodiment of the present invention, the sink device may
deliver the display parameters data block information
including the above-described control option flag and sink
device dynamic range information to the source device.

In this embodiment, 11 the oflset field of the display
parameters data block 1s 0xOF, this may indicate a control
option flag and, 11 the offset field 1s O0x10 or Ox11, informa-
tion on the brightness value (Sink Black Luminance Level,
Sink White Luminance Level, etc.) of the sink device may
be mcluded.

The value field of the control option flag 11 the offset field
1s OxOF, the value field of the sink device dynamic range
information 1f the offset field 1s 0x10 or 0x11 and descrip-
tions of the value fields are shown 1n FIGS. 5 to 7. Here, the
oflset field or the value field 1s an arbitrary value and may
be changed.

In the embodiment of the present invention, transfer curve
information suitable for HDR may be delivered via transfer
characteristic gamma.

Another embodiment of delivering the display related
information from the sink device to the source device will
now be described.

FIG. 9 1s a diagram showing a display device data block
as the display related information described in an embodi-
ment of the present mvention. In the embodiment of the
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present invention, an example of information delivered from
the source device to the sink device using the display device

data block 1s described.

The display device data block includes information 1ndi-
cating the characteristics of the display panel. The display
device data block includes display device technology (the

offset field 1s 0x03), the operating mode of the display
device (the ofiset field 1s 0x04), a video size expressible by
a pixel count (the offset field 1s 0x05 to 0x08), a display
aspect ratio (the offset field 1s 0x09 to 0x0A), a bit depth (the
ofset field 1s OxOF) and a response time (the oflset field 1s
0xO0F). In the embodiment of the present invention, as shown
in this figure, the control option flag information and the sink
device dynamic range information of the display panel may
be delivered to the source device 1n addition to the display
device data block.

According to the embodiment of the present invention, 1f
the oflset field of the display device data block 1s OxOF, this
may 1ndicate the control option flag and, if the oflset field of
the display device data block 1s 0x10 or 0x11, this may
indicate the sink device dynamic range information.

The example of the value field i1 the ofiset field of the
display device data block 1s OxOF and the example of the
value field if the oflset field of the display device data block
1s Ox10 or 0x11 1s shown 1 FIGS. 5 to 7 or FIG. 8. Here,
the ofiset field or the value field 1s an arbitrary value and may
be changed.

As another example of delivering the display related
information from the sink device to the source device, the
sink device may deliver the control optlon flag and the sink
device dynamic range information using a vendor-specific
data block of a DisplayID. The vendor-specific data block 1s
data used when the sink device delivers information which
1s not defined in the data block and the above-described
control option flag and sink device dynamic range informa-
tion may be included 1n this data block.

As another example of delivering the display related
information from the sink device to the source device, the
sink device may use a product identification data block of
the DisplayID.

The product i1dentification data block of the DisplaylD
may include information on a manufacturer of a display
device, a serial number of a display device, a product ID. etc.
At this time, if the sink device can check information on
cach product via the manufacturer, manufacture date, and
product ID of a display device, dynamic range information
of each product may be delivered to the source device using
this information. According to the present mnvention, 1f the
product identification data block of the DisplayID indicates
dynamic range information as the ID of the product, the
control option tlag 1s delivered using any one of the above-
described embodiments.

As another example of delivering the display related
information from the sink device to the source device, the
sink device may deliver the display related information to
the source device using a transfer characteristics data block.
The transfer characteristics data block 1s a data block for
delivering transfer curve related information of the display.
The transfer characteristics data block 1s a data block 1ndi-
cating use of an arbitrary gamma function or support of a
piecewise linear curve. Since a part defimng peak luminance
and lowest luminance of the display panel is not present, the
sink device may deliver, to the source device, dynamic range
information obtained by including the above-described con-
trol option flag and sink device dynamic range information
in the transfer characteristics data block.
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FIG. 10 1s a diagram showing another example of deliv-
ering the display related information from the sink device to
the source device according to one embodiment of the
present invention. According to the embodiment of the
present invention, the sink device may deliver the display
related information to the source device using consumer
clectronics association (CEA) EDID extension information.

The sink device may deliver CEA EDID extension infor-
mation including device attribute information supportable
by the CE sink device to the source device in addition to the
EDID defined in VESA of CEA-861. In this case, the sink
device may deliver the dynamic range information shown 1n
this figure to the source device.

The extension data block of the CEA EDID extension
information may include video, audio, speaker allocation,
vendor-specific and video capability data blocks. In order to
identily the extension data block, a predefined tag code may
be mcluded bits 5 to 7 of a first byte of each data block.

According to the embodiment of the present invention,
bits 5 to 7 of the first byte of the CEA EDID extension data
block may include a tag code representing dynamic range
information.

As shown 1n the figure, 1n the CEA EDID extension data
block, the dynamic range information may be represented by
mimmum brightness information of the sink device (8 bits
higher than lower 8 bits of the lowest brightness level of the
sink device), LSB information of the minimum brightness of
the sink device (lowest brightness level of the sink device
(LSB)) and the maximum brightness information of the sink
device (highest brightness level of the sink device (total 7
bits)) as described above. Bit allocation 1s arbitrary and may
be changed. Accordingly, according to the embodiment of
the present invention, the sink device may deliver the
maximum/mimmum brightness information of the sink
device of the display related information to the source
device using the CEA EDID extension information.

The maximum brightness information of the sink device
according to one embodiment of the present invention may
indicate the maximum brightness mformation capable of
being processed by the sink device and the minimum
brightness mnformation of the sink device may indicate the
mimmum brightness information capable of being processed
by the sink device.

Next, information to be delivered from the source device
to the sink device according to an embodiment of the present
invention will be described.

The source device may determine whether brightness and
color gamut of content 1s suitable for the sink device based
on the display related information and color gamut related
information of the sink device and transform the brightness
and color gamut of the content 1f necessary. In this case, 1f
UHD wvideo 1s processed, the source device should deliver
information on which processing is performed and 1informa-
tion on brightness and color gamut after video processing to
the sink device. This 1s to control post processing of the sink
device and this embodiment will now be described 1n detail.

According to the embodiment of the present invention,
the source device may deliver UHD video processing related
information to the sink device via an InfoFrame defined 1n
CEA 861.

FIG. 11 1s a diagram showing information to be delivered
from the source device to the sink device according to an
embodiment of the present invention.

In CEA 861, color gamut information of the InfoFrame
defined as interface information of the source/sink device
may be delivered via an AVI InfoFrame. In the embodiment
of the present mvention, the source device delivers infor-
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mation on UHD video processing to the sink device via the
InfoFrame. Thereby, video processing imnformation such as
brightness information of UHD video, arbitrary color gamut
information and HDR information or WCG 1information may
be delivered to the sink device. According to the present
embodiment, the source device may deliver information on
post processing, brightness information of content aiter post
processing, brightness information of content before post
processing and color gamut information to the sink device.

The information on post processing includes information
on the status of content and may be used as a response to a
request of the sink device. The brightness information of the
content after post processing may include mimmum bright-
ness information black luminance level of the content and
maximum brightness information white_luminance level of
the content. The brightness information of the content before
post processing may mclude mimmum brightness informa-
tion orig_black luminance_level of the content and maxi-
mum brightness information orig_white_luminance_level of
the content. The color gamut information of the content may
be represented by Orig_color_gamut information. These
will now be described 1n detail.

An InfoFrame type code indicates the type of this InfoF-
rame and may indicate a frame including information on
UHD video processing 1f the value thereot 1s 0x0/. Here, the
information on UHD video processing may be referred to as
dynamic range and mastering information. The dynamic
range and mastering information according to one embodi-

ment of the present mvention may include dynamic range
related information of content.

An infoFrame version number indicates the version infor-
mation of this frame and length of HDR InfoFrame indicates
the length information of HDR InfoFrame.

P3 to PO fields of data byte 1 refer to fields for controlling
(on/ofl) the prost processing procedure performed by the
source device as a post_processing_type_flag. Here, using
these fields, option mformation related to HDR information
or WCG miformation 1s disclosed and a detailed description
thereol will be given below. In one embodiment of the
present invention, 1 content produced with BT. 709 1s
encoded and transmitted using BT. 2020, the contents color
gamut and/or container color gamut may be distinguishably
signaled using these fields and/or the below-described origi-
nal color gamut Orig_color_gamut. This will be described in
detail below.

R2 to RO fields of data byte 1 indicate reserved bits and
an E0 field indicates whether a new color transformation
function (EOTE, etc.) 1s used via a new_EOTF_flag. The
reserved bits are flags available in the future when a new
EOTF suitable for HDR information 1s defined.

Data type 2 may include mimimum brightness information
of content and i1s represented by a black luminance_level
herein. In this embodiment, highest 8 bits of the minimum
brightness information is represented 1n the data byte 2 field.

The minimum brightness mformation of content may be
expressed 1n units of 0.0001 1 a range of 0 to 0.05 1n
consideration of general lowest brightness. That 1s, when the
physical brightness of the display 1s brightness black (in
cd/m”), the following relationship is obtained.

Brightness_black=black luminance levelx10000

(O<=black_ luminance_level<=500<29)

For example, in case of a reference monitor, minimum
reference brightness is 0.05 c¢d/m” and 500, obtained by
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multiplying the minimum reference brightness by 10000
(decimal number), may be expressed as brightness informa-
tion.

Data byte 3 may include an LSB (1 bit) of minimum
brightness mformation black luminance_level of content
and maximum brightness information (7 bits) white_lumi-
nance_level as shown 1n this figure.

The maximum brightness 1nformation white lumi-
nance_level mdicates the maximum brightness of the con-
tent and may be expressed in units of 100 1n a range of 100
to 10000 1n consideration of general highest brightness. That
1s, when the physical brightness of the display 1s brightness
white (in cd/m?), the following relationship is obtained.

Brightness_white=white_luminance levelx100

(1<=white_luminance level<=100<27)

For example, in case of a reference monitor, maximum
reference brightness is 100 cd/m* and 1 which is a quotient
of the maximum reference brightness divided by 100 (deci-
mal number) may be expressed as brightness information.

Data byte 4 may express most significant bits (8 bits) of
original minimum brightness information Orig_black lumi-
nance_level of content and data byte 5 may express an LSB
(1 bit) of original minimum brightness information Orig_
black luminance level of content and original maximum
brightness information Orig_white luminance level (7 bits)
ol content.

Original mimmmum brightness information Orig_black_lu-
minance_level of content indicates the minimum brightness
of content before HDR processing 1n the source device. The
expression and range thereol are equal to those of black_
luminance_level. In the present embodiment, the field may
be transmitted only when HDR information indicates “on”
in the post_processing_type.

Similarly, original maximum brightness information
Orig_white_luminance_level of content indicates the maxi-
mum brightness of content before HDR processing in the
source device. The expression and range thereof are equal to
those of white luminance_level. In the present embodiment,
the field may be transmitted only when HDR information
indicates “on’ 1n post_processing_type.

According to one embodiment of the present invention, 1f
signaling of the dynamic range diflerentiated from the
contents dynamic range 1s necessary, original minimum
brightness information Orig_black_luminance level and the
original maximum brightness iformation Orig white_lu-
minance_level may be used. At this time, the dynamic range
differentiated from the contents dynamic range may include
a dynamic range before and after image processing, a
dynamic range used upon encoding, a dynamic range of a
mastering display, a dynamic range of a target display, a
dynamic range of a container, etc. Here, the dynamic range
of the container may indicate a maximum/minimum
dynamic range of the container when the dynamic range of
original content and the dynamic range of the container are
different. For example, the case 1n which the dynamic range
of original content 1s different from the dynamic range of the
container may include the case 1n which content produced 1n
a low dynamic range (LDR) 1s encoded and transmitted 1n a
high dynamic range (HDR), the case in which content
produced i an HDR 1s encoded and transmitted in an LDR,
the case 1n which content having a narrow dynamic range 1s
transmitted to a container having a wide dynamic range, the
case 1n which content having a wide dynamic range 1is
transmitted to a container having a narrow dynamic range,
etc. Here, the dynamic range of the container i1s different
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from the dynamic range of content and may indicate the
dynamic range of the display. In addition, the mastering
display may indicate a display subjected to a mastering
procedure according to the brightness and/or color informa-
tion of content and/or display. Accordingly, the dynamic
range of the mastering display indicates the dynamic range
supportable by the display.

Data type 6 may include original color gamut information
Orig_color_gamut and S3 to S0 may include reserved bits.
The original color gamut information Orig_color_gamut
indicates the color gamut of content before WCG processing
in the source device. Detailed examples of the standard color
gamut will be described below. In the present embodiment,
the field may be transmitted only when WCG 1ndicates “on”
in the post_processing_type.

In one embodiment of the present invention, if the source
device does not perform separate color gamut mapping and
the color gamut of the original content 1s different from that
of the container, the value of the post_processing type of
0000 (no processing) or 1111 (different color gamut) 1is
signaled such that information on each color gamut 1s
delivered to the display device while distinguishing between
the contents color gamut and the container color gamut
using the original color gamut information Orig_color_ga-
mut. Here, the case in which the color gamut of the original
content and the color gamut of the container are difierent
may 1nclude the case in which content produced according
to BT. 709 1s encoded and transmitted with BT. 2020. In
another embodiment of the present invention, the container
color gamut may be expressed using colorimetry definition
(C1, CO0) of Data bytes 2 and 3 and extended colorimetry
(EC2, EC1, ECO0) 1n the AVI InfoFrame of CEA 861-F and
the contents color gamut may be expressed using the Ong_
color_gamut. In contrast, in another embodiment of the
present 1nvention, the contents color gamut may be
expressed using colorimetry definition (C1, C0) of Data
bytes 2 and 3 and extended colorimetry (EC2, EC1, EC0) in
the AVI InfoFrame of CEA 861-F and the container color
gamut may be expressed using the Orig_color_gamut. In
another embodiment of the present invention, the contents
color gamut may be expressed using the Orng_color_gamut
and the container color gamut may be expressed using
Red-x, Red-y, Green-x, Green-y, Blue-x, Blue-y, White-x
and/or White-y. In contrast, in another embodiment of the
present 1nvention, the container color gamut may be
expressed using the Orig_color_gamut and the contents
color gamut may be expressed using Red-x, Red-y, Green-x,
Green-vy, Blue-x, Blue-y, White-x and/or White-y. Here, the
container color gamut 1s different from the content color
gamut and may indicate the display color gamut. Further,
Orig_color_gamut, Red-x, Red-y, Green-x, Green-y, Blue-x,
Blue-y, White-x and/or White-y may include chromaticity
coordinates of three primary colors and/or white color of the
container and/or display.

According to one embodiment of the present invention, 1f
signaling of color gamut differentiated from contents color
gamut 1s necessary, the above-described original gamut
information Orig_color_gamut may be used. At this time,
the color gamut different from the contents color gamut may
include color gamut before and after image processing,
container color gamut, color gamut used upon encoding,
color gamut of a mastering display, color gamut of a target
display, etc. Here, the mastering display may indicate a
display subjected to a mastering procedure according to the
brightness and/or color information of content and/or dis-
play. That 1s, color gamut of the mastering display indicates
the color gamut supportable by the display.
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Data byte 7 to data byte 16 refer to fields indicating
arbitrary color gamut information. In this figure, arbitrary
color gamut information include Red-x, Red-y, Green-x,
Green-y, Blue-x, Blue-y, White-x and White-y.

Here, Red-x indicates an x coordinate of the R color of a
color gamut (e.g., CIE 1931) using a value of 0 to 1 1n the
binary form. In the present embodiment, a total of 10 baits 1s
used and higher 8 bits of data byte 9 and higher 2 bits of data
byte 6 may be used.

Similarly, Red-y indicates a y coordinate of the R color of
the color gamut (e.g., CIE 1931) using a value of 0 to 1 1n
the binary form. In the present embodiment, a total of 10 bits
1s used and higher 8 bits of data byte 10 and lower 2 bits of
data byte 6 may be used.

The source device may deliver the color gamut informa-
tion using data byte 7 to data byte 16 if appropriate infor-
mation 1s not expressed in the original gamut information
Orig_color_gamut of the content.

As another embodiment of the present invention, the
original gamut information Org color_gamut shown 1n
FIG. 11 1s not used and the original gamut information may
be used only using information corresponding to data byte 7
to data byte 16. Information corresponding to data byte 7 to
data byte 16 1s further used only when the original color
gamut information Orig_color_gamut indicates a specific
value.

Data byte 17 may include an E3 field, an E2 field, an E1
field, an FO field and/or a number_of coeflicients field.

The E3 to E1 fields may be EOTF_type fields indicating,
the type of the EOTF used by a content producer for optimal
image quality of HDR content. According to one embodi-
ment of the present invention, a plurality of EOTF standards
may be established and a content producer may arbitrarily
define and use an EOTF. A detailed description of the
meaning of the EOTF_type value will be given below.

The EO field may indicate a private_ EOTF_coefl_flag. IT
this field value 1s 1, this field may indicate that a separate
coellicient 1s used according to EOTF_type. For example, 1f
different coeflicients are used for the same function, such as
if a suitable EOTF coellicient 1s changed according to
maximum brightness, 1n one embodiment of the present
invention, a suitable coeflicient may be transmitted using
this field. In addition, according to another embodiment of
the present invention, a separate parameter may be set and
signaled via the EOTF_type. 11 this field value 1s 0, this field
may 1ndicate that a default parameter 1s used. Here, the
parameter and the coeflicient have the same meaning.

According to one embodiment of the present mmvention, i
the EO0 field 1s 1, data bytes 18 to 18+N may be further used

and, 11 the B0 field 1s 0, data bytes 18 to 18+N may not be
used.

The number_of_coeflicients field may indicate the num-
ber of coellicients used when the EO field 1s 1.

Data type 18 may include an EOTF _additional _info field.
The EOTF_additional_info field may indicate additional
information according to the EOTF_type if additional infor-
mation needs to be delivered according to the EOTF_type.
For example, if a suitable EOTF coeflicient 1s changed
according to maximum brightness, this field may include
information on target max brightness. According to one
embodiment of the present mvention, 11 coetlicients of a
plurality of EOTF functions according to various conditions
need to be delivered according to the given EOTF_type, for
example, if the coetlicient 1s changed according to maximum
brightness and all coeflicients according to a variety of
maximum brightnesses should be delivered, this field may
be used to provide information on the coeflicients. In this
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case, a method for designating a field indicating the number
of conditions and designating EOTF_target_max_brightness
and EOTF_coeflicients 1 to N with respect to each condition

may be used.
Data bytes 18+1 to 18+N may include EOTF_Coeflicients
1 to N fields, respectively. The EOTF_Coeflicients 1 to N

fields may indicate a parameter value used if the EO0 field 1s
1. In addition, this field may be used to transmit an arbitrary

EOTF function.

Assume that the above-described information 1s transmit-
ted from the source device to the sink device over an
interface. However, this information may be transmitted via
video (e.g., SEI message) or a separate metadata delivery
method of a storage device. Accordingly, the same informa-
tion may be defined 1n a video source or the source device
may receirve additional metadata of content via an external
Server.

According to one embodiment of the present invention,
the InfoFrame shown 1n this figure may be retferred to as a
dynamic range and mastering InfoFrame.

FIG. 12 1s a diagram showing a detailed example of post
processing type information disclosed according to an
embodiment of the present mnvention. As shown, the source
device may deliver display related information and color
gamut information to the sink device via the InfoFrame 1f the
source device performs post processing of UHD video to
suit the sink device.

The P3 to PO fields of InfoFrame Data byte 1 indicate the
post_processing_type and options related to HDR informa-
tion or WCG mformation and the post processing type 1s
shown 1n this figure.

For example, if the post_processing_type 1s 0000, this
indicates that the source device does not perform any
processing and, 1i the post_processing type 1s 0001, this
indicates that the source device performs dynamic range
mapping.

For example, if the post_processing_type 1s 0010, this
indicates that the source performs color gamut mapping and,
if the post_processing_type 1s 0011, this indicates that the
source device suitably performs processing based on the
information delivered by the sink device. This value may be
used as an 1nitial value.

The values 0110 to 1000 of the post_processing_type may
be used for information exchange between the sink and
source devices in the future, for the multilayer video
enhancement function, and the values 1001 to 1110 may be
used for user private.

For example, 11 the post_processing_type 1s 1111, this
indicates that the original color gamut information Orig_
color_gamut 1s used to distinguishably signal the contents
color gamut and the container color gamut. That 1s, 1n one
embodiment of the present invention, if signaling of the
color gamut different from the contents color gamut 1is
necessary, the post_processing type field may be used.
Similarly, 1n another embodiment of the present invention, 1f
signaling of the dynamic range different from the contents
dynamic range 1s necessary, the post_processing_type field
may be used. In this case, for example, 1110 may be
allocated as the post_processing_type.

FIG. 13 1s a diagram showing a detailed example of
original color gamut information Orig_color_gamut accord-
ing to an embodiment of the present invention.

As shown, 11 the source device processes UHD video to
suit the sink device, the original color gamut information
Orig_color_gamut of the content may be transmitted to the
sink device.
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In this example, 11 the field of the color gamut information
Orig_color_gamut of the original content 1s 0000, the color
of the original content 1s defined according to REC.709 and,
if the Ornig_color_gamut field of the content 1s 0001, the
color of the original content 1s defined according to BT. 2020
NCL. Stmilarly, 11 this field 1s 0010, 0011, 0110 or 0101, this
indicates that the colors of the original content are defined
according to xvYCC, DCI-P3, Adobe RGB or BT. 2020 CL,
respectively.

FIG. 14 1s a diagram showing another example of deliv-
ering video color information from the source device to the
sink device according to an embodiment of the present
invention.

In the embodiment of the present invention, the format of
AV] InfoFrame version 3 may be extended to deliver the
post processing type information post_processing_type_i-
lag, color transformation function information new_EOTF _
flag and brightness information black_luminance_level or
white_luminance_level of video processed by the source
device to the sink device. In the embodiment of the present
invention, the post processing type information post_pro-
cessing_type flag, color transformation function informa-
tion new_EOTF_flag and brightness information black_lu-
minance_level or white_luminance level of video processed
by the source device may be delivered to the sink device
using a newly defined AVI InfoFrame over the interface of
the source/sink device.

According to the disclosed AVI InfoFrame, the source
device may deliver information on processed video to the
sink device according to data byte. In this example, data
bytes 14 to 29 may include data bytes 1 to 16 shown in
FIGS. 11 to 13.

Accordingly, according to the present embodiment, the
source 1nformation may deliver information on post pro-
cessing, brightness information of content after post pro-
cessing, brightness information of content before post pro-
cessing and color gamut mformation to the sink device.

In the embodiment of the present invention, the format of
AV1 InfoFrame version 3 may be extended to deliver Orig_
color_gamut, RGBW 1ndex, EOTF_type, private EOTF_
coell_tlag, Number of Coeflicients, EOTF_additional_info
and/or EOTFEF Coetlicient to the sink device and to deliver
the above-described information using a newly defined AV
InfoFrame over the interface of the source/sink device.

In this figure, data bytes 30 to data byte 31+N may include
data byte 17 to data byte 18+N shown 1n FIGS. 11 to 13.

FIG. 15 1s a diagram showing an example of a signal
processing device according to one embodiment of the
present mvention and operations thereof.

First, the example of the signal processing device accord-
ing to one embodiment of the present invention includes a
source device 100 and a sink device 200.

The source device 100 includes a decoder 110, a color
gamut mapping unit 120, a dynamic range mapping unit
130, a post processing unit 140, a metadata processor 150
and an option controller 160.

The color gamut mapping unit 120, the dynamic range
mapping unit 130 and the post processing unit 140 of the
source device 100 may be referred to as a video processing
unit and the color gamut mapping unit 120, the dynamic
range mapping unit 130 and the post processing unit 140 of
the video processing unit may individually operate upon
video processing, 1I necessary, regardless ol a previous
block.

The sink device 200 includes a source device controller
210, a metadata processor 220 and a panel controller 230. If
the source device 100 1s connected to the sink device 200 via
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an interface, information may be transmitted and received
according to the protocol shown 1n FIG. 3. Transmission and
reception of information between the devices are performed

via the interface.
The source device 100 may decode an encoded UHD

video stream, perform post processing of decoded UHD

video, 1I necessary, or process UHD wvideo according to
display capabilities of the sink device 200, and provide the
processed UHD video to the sink device.

The sink device 200 may receive and display the UHD
video decoded by the source device 100. The sink device
may provide information on display capabilities of the sink

device 200 to the source device 100 and receive and display
the UHD wvideo displayable by the sink device 200 from the

source device 100.

The option controller 160 of the source device 100 may
transmit a video option signal via the interface with the sink
device 200 to request the display related information. The
display related information may include color gamut infor-
mation and display brightness related information. The

video option information transmitted from the source device
100 to the sink device 200 1s shown 1n FIGS. 11 to 14.

The metadata processor 150 of the source device 100 may
transmit metadata of UHD video to the sink device 100 and
the sink device 220 may transmit metadata related to the
display device to the source device 100.

The decoder of the source device 100 may receive and
decode the encoded UHD video stream.

The color gamut mapping unit 120 maps color gamut
information of the decoded UHD wvideo. In this case, the
color gamut information of the UHD video may be mapped
and changed using the display related information of the
sink device 200 or the metadata of the UHD video.

Alternatively, the dynamic range mapping umt 130 may
map the dynamic range of the decoded UHD video. In this
case, the dynamic range of the UHD video may be mapped
and changed using the display related information of the
sink device 200 or the metadata of the UHD wvideo.

The post processing unit 140 may perform video post
processing with respect to the decoded UHD video. Video
post processing may be performed based on the display
related 1information.

The metadata processor 150 may transmit the metadata of
the UHD wvideo to the sink device 200 and receive the
metadata related to the display from the sink device.

The option controller 160 may transmit the video option
information to the sink device 200 and receive display
option information from the sink device 200. Examples of
the display option information transmitted from the sink
device 100 to the source device 200 are shown 1n FIGS. 4
to 10. The video option information transmitted from the
source device 100 to the sink device 200 1s shown 1n FIGS.
11 to 14.

The source device controller 210 of the sink device 200
may transmit a control signal for controlling the source
device 100 and receive a user control signal from a user.

The metadata controller 220 of the sink device 200 may
receive the metadata of the UHD video from the source
device 100 and transmit the metadata related to the display
device to the source device 100. The metadata processor 220
may transmit a video processing control signal to the source
device controller 210 to enable the source device controller
210 to transmit the control signal.

The panel controller 230 may control the display panel
according to the display control signal of the metadata
processor 220.
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In the embodiment of the present invention, 1t 1s possible
to perform video processing adapted to the display. That 1s,
in the embodiments of the present invention, mformation
exchange between the source and sink devices, video pro-
cessing and display methods may be changed according to
capabilities of the sink device 200. Hereinafter, an example
of transmitting the metadata information of the sink device
200 to the source device 100, performing video processing
based on the display related information at the source device
and receiving the display related information and outputting
video by the sink device 200 will be described 1n detail.

First, a first embodiment 1n which the sink device 200 1s
a high-end UHD sink device will be described.

If the sink device 200 1s a high-end UHD sink device, the
sink device 200 may transmit display related metadata to the
source device 100. The display related information may
include display color gamut information (or color primary
information corresponding to RGBW) and display dynamic
range related information (e.g., peak luminance information
and black luminance information). The metadata processor
220 of the sink device 200 may process the display related
information. For example, the metadata processor 220 of the
sink device 200 may store the display related information,
which will be referred to upon content processing and
display, and request this information from the source device
100 as necessary.

The source device 100 may deliver the control signal of
the source device 100 as well as the color and brightness
related metadata of the display when delivering the display
related information to the sink device 200.

The control signal of the source device 100 may include
information indicating which video processing of the source
device 100 1s possible. The control signal of the source
device 100 may be generated based on a displayable color
gamut delivered by the source device controller 210 of the
sink device 200 and may be generated according to a default
processing request without information received from the
sink device 200.

Although an information exchange process between the
source and sink devices 1s performed when the two devices
are connected, information exchange between the two
devices may be performed again when broadcast or stream-
ing content 1s received 1n a state wherein the source and sink
devices are connected, when content 1s changed or when a
specific scene 1s changed.

Video processing when the sink device 200 1s a high-end
UHD sink device may be performed as follows.

The post processing unit 140 of the source device 100
may determine whether post processing should be per-
tformed with respect to the decoded UHD video based on the
display related information of the sink device 200 from the
metadata processor 150 and output a control signal thereof.
The source device 100 may perform video processing
related to WCG information or HDR information of the
UHD wvideo, e.g., color gamut mapping or dynamic range

apping. It display capabilities of the sink device 200 are
suilicient to play the UHD wvideo back after video post
processing, the option controller 160 of the source device
100 may deliver the information to the post processing unit
140. If the WCG iformation or HDR information of the
video 1s changed based on the display color gamut infor-
mation or brightness information of the sink device 200, the
metadata processor 150 may transmit the display related
metadata to the color gamut mapping umt 120 or the
dynamic range mapping unit 130.

The post processing unit 140 of the source device 100
may perform post processing using metadata transmitted
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along with video, for example, a WCG SEI message or an
HDR SEI message. The video decoder 110 or the post
processing unit 140 may decode enhancement layer data to
increase 1image quality of output video, if enhancement layer
data 1s transmitted according to scalable coding.

Although the image quality of output video may be
turther improved to suit the image quality of the display, 1f
additional information for video processing 1s not received
from the sink device 200, the source device 100 may
autonomously perform an image quality improvement func-
tion.

The metadata processor 150 delivers UHD video meta-
data including the WCG information or HDR information of
the decoded or post-processed video to the sink device 200.
In addition, the option controller 160 may contain the
processed video processing information i1n the video option
information (video option signal) and transmit the video
option information to the source device controller 210. The
video option mformation 1s shown in FIGS. 11 to 14.

If the video decoded by the decoder 110 1s suitable for the
display, the video may be delivered to the sink device 200
for playback, without separate processing of the WCG
information or HDR information of video. In this case, the
option controller 160 may signal information indicating that
separate video processing 1s not performed.

The sink device 200 may display the UHD video via the
display device. In this case, although the sink device 200
may play the processed video back via the source device 100
without transformation, 1t may be determined whether the
video delivered by the source device 100 has been processed
to suit the display. The source device controller 210 of the
sink device 200 may output the control signal to the source
device 100. The source device controller 210 of the sink
device 200 may determine a portion in which a problem
occurs during video processing of the source device 100 and
output the control signal to stop video processing, if the
video 1s not suitably processed. This control function may be
turned on/ofl according to a user request. The sink device
200 may output a video processing option to the user and
provide a menu or interface Ul for controlling the same to
the user.

The sink device 200 may analyze information on the
metadata processor 220 of the sink device 200 and then
control the display device via the panel controller 230 to
provide a playback environment suitable for content, if
brightness and color of the display device can be controlled.

Next, a second embodiment wherein the sink device 200
1s a legacy UHD sink device will be described. For the same
portions as the first embodiment, refer to the first embodi-
ment.

-

The sink device 200 transmits metadata of the legacy
UL

HD sink device to the source device 100. The metadata of
the legacy UHD sink device may include color gamut
information (or color primary information corresponding to
RGBW) and display dynamic range related information
(e.g., peak luminance information and black luminance
information) of the display. The metadata processor 150 of
the source device 100 may receive and process the metadata
of the legacy UHD sink device.

The option controller 160 of the source device 100
determines whether post processing i1s performed with
respect to the decoded UHD wvideo based on the display
related information acquired by the metadata processor 150
and outputs a control signal.

If capabilities of the display are insuflicient for image
quality (color and brightness) of video to be displayed,
appropriate processing may be performed with respect to the
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video to achieve color and brightness expressible by the
display. For example, the color gamut mapping unit 120 or
the dynamic range mapping unit 130 of the source device
100 may map the color gamut information or dynamic range
information of the UHD video to information suitable for the
display device.

The source device 100 may change WCG information or
HDR information of video data based on the metadata of the
video data, e.g., the WCG SEI message, the HDR SEI
message, etc. or according to the function of the source
device 100. If the WCG miformation or HDR information of
the video data 1s changed, the option controller 160 may
contain the WCG information or the HDR information in the
video option information (video option signal) and transmit
the video option information to the sink device 200. The
video option information 1s shown 1n FIGS. 11 to 14.

If the color and brightness range of the display of the sink
device 200 can support the color and dynamic range of
video, the source device 100 may transmit the video to the
sink device 200 without additional video processing. The
option controller 160 of the source device 100 may deliver
information indicating that the metadata, WCG information
or HDR 1nformation of the UHD video 1s not processed to
the sink device 200 via the video option signal.

The display device of the sink device 200 may play the
UHD wvideo back. If it 1s determined that the WCG 1nifor-
mation or HDR information of the UHD video received by
the sink device 200 1s not suitable for the display device of
the sink device 200, the source device controller 210 may
deliver a control signal to the source device 100. The user
can control the functions related to the display device via a
user menu or an interface UIL.

FIG. 16 1s a diagram showing the configuration of an
EOTF type according to one embodiment of the present
invention.

According to one embodiment of the present invention,
EOTF type “000” indicates a reserved bit, EOTF type “001”
indicates that an EOTF_type 1 transformation curve 1s used,
EOTF type “010” indicates that an EOTF_type2 transior-
mation curve 1s used, and EOTF types “011” to “111~
indicate user private.

FIG. 17 1s a diagram showing a method of signaling a
DCI-P3 color gamut according to one embodiment of the
present invention.

In the present invention, the following embodiments wall
be described 1n order to define a new color gamut such as
DCI-P3.

In one embodiment of the present invention, using C1 and
C0 fields included 1n data byte 2 of an existing AVI InfoF-
rame 17010, use of EC2 to ECO0 fields included in data byte
3 for extension of the color gamut may be signaled (17020).
Using reserved bits of EC2 to ECO fields, DCI-P3 may be
signaled. That 1s, when EC2 to EC0 are 111, use of DCI-P3
1s indicated (17030, 17040).

In another embodiment of the present invention, colorim-
etry extension may be signaled using reserved bits of EC2 to

ECO0 fields included in data byte 3 of the existing AVI
InfoFrame 17010. That 1s, when EC2 to ECO0 are 111, this
may indicate colorimetry extension (17030, 17050). Using
S3 to SO fields which are reserved bits included 1n data byte
6 of the above-described dynamic range and mastering
InfoFrame or data byte 19 of the above-described AVI
InfoFrame, use of DCI-PC may be signaled (17060, 17070).
At this time, less than or more than 3 bits may be used as
necessary. Further, using S3 to S0 fields, which are the
reserved bits, use of an arbitrary color gamut may be

signaled (17070).
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FIG. 18 1s a diagram showing a method of signaling a
DCI-P3 color gamut according to another embodiment of
the present ivention.

In one embodiment of the present invention, using C1 and
CO0 fields included 1n data byte 2 of an existing AVI InfoF-

rame 18010, use of EC2 to ECO0 fields included 1n data byte
3 for extension of the color gamut may be signaled (18020).

In addition, colorimetry extension may be signaled using
reserved bits of EC2 to ECO0 fields included in data byte 3 of

the existing AVI InfoFrame 18010. That 1s, when EC2 to
ECO0 are 111, this may indicate colorimetry extension
(18030, 18050). Using reserved bits of the dynamic range
and mastering InfoFrame according to one embodiment of
the present invention, use of DCI-P3 may be signaled. For
example, as shown 1n the figure, reserved bits included 1n
data byte 1 may be used (18060). Further, use of an arbitrary
color gamut may be signaled using the above-described
reserved bits (18030).

FIG. 19 1s a diagram showing a method of signaling a
DCI-P3 color gamut according to another embodiment of
the present invention.

In one embodiment of the present invention, a new
InfoFrame may be defined 1n order to signal a new color
gamut such as DCI-P3. For example, an InfoFrame having
an mformation type of 0x08 may be newly defined and bits
for the new color gamut may be allocated to signal use of the
new color gamut.

In another embodiment of the present imvention, as a
method of extending an existing AVI InfoFrame format, as
shown 1n this figure, data byte 14 may be newly defined. At
this time, using C1 and CO0 fields included 1n data byte 2 of
the existing AVI InfoFrame, use of EC2 to ECO0 fields
included 1n data type 3 for extension of the color gamut may
be signaled. In addition, using reserved bits of EC2 to ECO0
fields included in data byte 3 of the existing AVI InfoFrame,
colorimetry extension may be signaled. That 1s, when EC2
to ECO are 111, this may indicate colorimetry extension.
Here, 1n one embodiment of the present invention, 1n con-
sideration of backward compatibility, if EC2 to ECO fields of
data byte 3 are 111 while the same version number as the
existing AVI InfoFrame 1s used, colorimetry extension may
be recognized and data byte 14 may be read. In contrast,
even 1f backward compatibility 1s not considered, as shown
in this figure, 1n another embodiment of the present inven-
tion, mformation indicating that a new version number 1s
assigned to the AVI InfoFrame, the length of the AVI
InfoFrame 1s set to 14 and the InfoFrame of up to data byte
14 1s defined may be signaled, colorimetry extension 1s
recognized 1f EC2 to ECO fields of data byte 3 are 111, and
colorimetry may be signaled.

FIG. 20 1s a diagram showing information on a transfer
function which may be processed by the sink device accord-
ing to one embodiment of the present invention.

This figure shows an example of information delivered
from the source device to the sink device using a data block
of a DisplayID. The case in which the offset field 1s 0x00 to
0x05 was described above.

In one embodiment of the present invention, as shown 1n
this figure, the offset field may be assigned to further deliver
transfer function related information of the sink device. At
this time, 1n one embodiment of the present imvention, a
predefined transier function (BT. 1886, SMPTE ST 2084,
etc.) may be signaled and detailed information of an
unspecified transfer function may be signaled.

As shown 1n this figure, 11 the oflset field 1s 0x06, this may
indicate a transfer function type flag. The transfer function
type flag may signal a transfer function type. In one embodi-
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ment of the present invention, since each transter function 1s
designated as a flag, all supported transfer functions are
simultaneously signaled even when a plurality of transfer
functions 1s supported. Here, the transier function may
include BT. 1886, SMPTE ST 2084, Traditional gamma—
SDR Luminance Range, Traditional gamma—HDR Lumi-
nance Range, etc. Here, the transfer function may include an
clectro optical transfer function (EOTF).

It the offset field 1s O0x07 to Ox0A, this may indicate
unspecified TF details. In one embodiment of the present
invention, if an unspecified transfer function i1s supported,
this may be expressed via separate signaling. For example,
if an unspecified transfer function 1s supported, transier
function type flag=0x80 (hexadecimal) or 10000000 (bi-
nary) may be indicated. In one embodiment of the present
invention, 1 consideration of various unspecified transier
functions, the type of each transier function may be signaled
and additional information such as the number of necessary
coellicients, bit depth or maximum/minimum brightness
information may be delivered according to each type. At this
time, the transfer function type may indicate any one of
various types of transfer functions. If a plurality of transier
tfunctions 1s delivered, a bit indicating that the plurality of
transier functions 1s used (e.g., a number_oi_types field) 1s
separately assigned and the order of the plurality of transfer
functions may be indicated using this field. A detailed
description of information included in the unspecified TF
details will be described below.

If the offset field 1s 0xOB or more, this may indicate
unspecified TF coeflicients. In one embodiment of the
present mvention, coeflicient information of an unspecified
transfer function may be delivered using this field. The
above-described coellicient information may include infor-
mation on an intersection of the transfer function, a section
and a used function.

According to one embodiment of the present invention,
information delivered from the sink device to the source
device may be referred to as extended display 1dentification
data (EDID). Here, the EDID may indicate capabilities of
the sink device. Further, the EDID includes an HDR static
metadata data block indicating HDR capabilities of the sink
device and the HDR static metadata may include informa-
tion on the above-described transfer function type.

The EDID according to one embodiment of the present
invention may include one or more data blocks.

The HDR static metadata according to one embodiment of
the present mvention may be included 1n a data block and
transmitted. Further, the HDR static metadata may include
information indicating whether the data block includes the
HDR static metadata and/or information indicating the
length of the data block.

FI1G. 21 1s a diagram showing detailed field values used in
a method of delivering information on a transfer function
which may be processed by the sink device according to one
embodiment of the present invention.

According to one embodiment of the present invention, an
oflset field value “0x06 1s used to indicate the transfer
function type, oflset field values “0x07” to “Ox0A” are used
to indicate unspecified TF details, and offset field values
0x0B to or more are used to indicate unspecified TF coet-
ficients. Here, the unspecified TF details indicate additional
information of an unspecified transfer function 1f the sink
device supports the unspecified transfer function and may
include the type of an unspecified transfer function, the
number of coeflicients 1n the unspecified transier function,
the number of types of each transier function i1f a plurality
of transfer functions configures the unspecified transfer
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function, bit depth, the lowest brightness level of the sink
device and/or the highest brightness level of the sink device.

If the offset field 1s 0x06, a higher 1 bit of the value may
indicate that the unspecified transfer function may be pro-
cessed, a next 1 bit thereof may indicate that the EOTF
according to B'T. 1886 may be processed and a next 1 bit
thereol may indicate that the EOTF according to SMPTE ST

2084 may be processed.
If the ofiset field 1s Ox07, higher 4 bits of the value may

be used to indicate the type of the unspecified transier
function and the lower 4 bits may be used to indicate the
number of coellicients i the unspecified transter function.

If the offset field 1s 0x08, higher 2 bits of the value may
be used to the number of types and next 2 bits thereol may
be used to indicate the bit depth.

If the offset field 1s 0x09, the value may indicate the
lowest brightness level of the sink device.

I1 the oflset field 1s Ox0A, the value indicates the lowest
brightness level of the sink device using an LSB and
indicates the highest brightness level of the sink device
using the remaining 7 baits.

I1 the oflset field 1s OxOB or more, the value may indicate
coellicient information used in the unspecified transter func-
tion.

FIG. 22 1s a diagram showing the worktlow of a UHD
broadcast signal reception device according to one embodi-
ment of the present mnvention.

The UHD broadcast signal reception device according to
one embodiment of the present invention may include a
demultiplexer 1010, a decoder 1020, an electro optical
transfer function (EOTF) unit 1030, a categorization umnit
1040 and/or a controller 1050.

The demultiplexer 1010 may include a receiver (not
shown). The recerver may receive UHD broadcast content
and receive high dynamic range (HDR) metadata. The HDR
metadata may indicate information on a method for trans-
forming the UHD broadcast content to suit a display char-
acteristics of a reception device and brightness information
of the UHD broadcast content. The demultiplexer may
demultiplex the multiplexed UHD stream into elementary
streams. For example, a unit stream may include a video unit
stream for transmitting video data, an audio unit stream for
transmitting audio data, etc. The HDR metadata may be
multiplexed with UHD media data and may be received as
one UHD broadcast stream. In this case, the demultiplexer
may demultiplex the multiplexed UHD broadcast stream
into unit streams and/or display information metadata.

The decoder 1020 may decode media data transmitted by
the demultiplexed unit streams and/or display information
metadata. The media data transmitted by the umt streams
may include UHD wvideo data.

The EOTF unit 1030 may perform an appropriate opera-
tion according to a transier curve used 1n an encoding
process with respect to the decoded UHD video data. At this
time, 1 addition to an existing EOTE, an EOTF suitable for
HDR may be used and arbitrary EOTF may be newly
defined and used. Examples of the existing EOTF may
include gamma transformation described in ITU-R BT.
1886. Examples of the EOTF suitable for HDR may include
perceptual quantization. As the arbitrary EOTFE, a new-
EOTF may be used. Information on the EOTF used in the
EOTF unit may be transmitted via a voice user interface
(VUI) message or metadata. The information on the EOTF
may be included in the HDR metadata according to one
embodiment of the present invention and transmitted, which
will be described in detail below. The EOTF unit may
perform the EOTF according to the worktlow of the recep-
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tion device after the processing procedure of the controller
or during the processing procedure of the controller. As
shown 1n this figure, 1n the operation of the reception device
according to one embodiment of the present invention,
transformation 1n linear luminance gradation 1s assumed.
Accordingly, the reception device according to one embodi-
ment of the present invention performs the EOTF just after
decoding. Here, the EOTF 1s a transformation function
indicating a relationship between the digital input value and
output brightness value of the display or a relationship
between the mput brightness value and output digital value
of the display.

The categorization unit 1040 may compare expressible
dynamic range (DR) information of the display of the
reception device according to one embodiment of the pres-
ent mvention and DR information of the UHD broadcast
content received via the UHD metadata and determine
whether content transformation 1s necessary. Here, the
expressible DR 1nformation of the display of the reception
device may include a highest value, a lowest value and a bit
depth of the expressible dynamic range of the reception
device. Here, the DR information of the UHD broadcast
content may include highest reference brightness informa-
tion 1ndicating expressible highest reference brightness of
the UHD broadcast content, lowest reference brightness
information indicating expressible lowest reference bright-
ness of the UHD broadcast content, and a bit depth. The
categorization unit may categorize the display characteris-
tics of the reception device according to a predetermined
criterion. According to one embodiment of the present
invention, the display characteristics of the reception device
may be categorized mto a display having an existing
dynamic range (case 1), a display which has a dynamic
range wider than an existing dynamic range but does not
accommodate the dynamic range of the UHD broadcast
content (case 2) and a display having a dynamic range wider
than the dynamic range of the UHD broadcast content (case
3). The predetermined criterion for categorizing the display
characteristics of the reception device and the existing
dynamic range will be described 1n detail below.

The controller 1050 may transform the UHD broadcast
content to suit the display characteristics of the reception
device according to one embodiment of the present inven-
tion. In addition, the controller may transform the UHD
broadcast content to suit the display characteristics of the
reception device according to one embodiment of the pres-
ent invention, which 1s categorized by the categorization
unit. The controller may divide the dynamic range of the
UHD broadcast content according to a predetermined crite-
rion and transform the UHD broadcast content using differ-
ent types of transformation methods according to ranges.
The criterion for categorizing the dynamic range of the
content will be described below. The controller may trans-
form the UHD broadcast content using the received HDR
metadata when the display characteristics of the reception
device according to one embodiment of the present inven-
tion correspond to case 1 or case 2 and may not transform
the UHD broadcast content when the display characteristics
of the reception device according to one embodiment of the
present mvention correspond to case 3.

The UHD broadcast signal reception device according to
one embodiment of the present invention may include a
playback unit for playing UHD broadcast content back. The
playback unit may play the content only in a specific
dynamic range indicated by clipping dynamic range infor-
mation of the entire dynamic range of the UHD broadcast
content, if a clipping option 1s used.

10

15

20

25

30

35

40

45

50

55

60

65

28

A process of transforming the UHD broadcast content
according to one embodiment of the present invention may
be pre-specified as preset of TV by a viewer. In this case, the
UHD broadcast content may be automatically transformed
without a separate selection step. If content transformation
1s pre-specilied as preset of TV, such settings may be
maintained even when the channel 1s changed. Content
transformation may be specified in a step of supplying UHD
broadcast content. In this case, when the reception device
supports content transformation, content may be automati-
cally transformed without a separate selection step.

According to one embodiment of the present invention,
the HDR metadata including brightness information of the
UHD broadcast content may be received scene by scene.

According to one embodiment of the present invention,
even 1n a scheduled viewing environment, UHD broadcast
content having an HDR based on HDR metadata may be
previously announced wvia an electronic program guide
(EPG). In this case, a viewer may schedule transformation of
specific content on the EPG. At this time, the reception
device may store transformation of the specific content and
automatically transform UHD broadcast content to suit the
display characteristics of the reception device when the
specific content 1s selected.

The reception device according to one embodiment of the
present invention may store transformation related informa-
tion of the content, which 1s broadcast via a current channel
and transformed according to the display characteristics of
the reception device, upon channel change, and play the
content back using the stored transformation related infor-
mation when returning to the current channel and continuing
to broadcast the content.

The reception device according to one embodiment of the
present invention may receive display information metadata
necessary to control the display characteristics of the recep-
tion device to a display characteristics suitable for recerved
UHD broadcast content. In this case, the reception device
according to one embodiment of the present invention may
control the display characteristics of the reception device to
suit UHD broadcast content using received display infor-
mation metadata.

FIG. 23 1s a diagram showing a criterion for categorizing,
the display characteristics of the reception device according
to one embodiment of the present invention.

The display characteristics of the UHD broadcast signal
reception device according to one embodiment of the pres-
ent invention may be categorized into a display having an
existing dynamic range (case 1), a display which has a
dynamic range wider than an existing dynamic range but
does not accommodate the dynamic range of the UHD
broadcast content (case 2) and a display having a dynamic
range wider than the dynamic range of the UHD broadcast
content (case 3).

The criterion for categorizing the display characteristics
of the reception device according to one embodiment of the
present imvention may include maximum reference bright-
ness information luminance_max indicating maximum ref-
erence brightness of the UHD broadcast content, essential
maximum brightness information luminance upper_bound
indicating the maximum value of the essential dynamic
range ol the dynamic range of the UHD broadcast content
and the maximum value max_display_brightness of the
dynamic range expressible by the display of the UHD
broadcast signal reception device.

Referring to this figure, the maximum value max_dis-
play_brightness of the dynamic range expressible by the
display of the reception device 1s equal to or greater than a
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value obtained by adding a predetermined value (alpha) to
the maximum reference brightness luminance_max of the
content, the display of the reception device according to one
embodiment of the present invention may correspond to case
3. If the condition of case 3 1s not satisfied and the maximum
value max_display_brightness of the dynamic range
expressible by the display of the reception device 1s equal to
or less than a value obtained by adding a predetermined
value (beta) to essential maximum brightness luminance-
_upper_bound indicating the maximum value of the essen-
tial dynamic range of the content, the display of the recep-
tion device according to one embodiment of the present
invention may correspond to case 1. If the conditions of case
3 and case 1 are not satisfied, the display of the reception
device according to one embodiment of the present inven-
tion may correspond to case 2. Here, the existing dynamic
range of display having the existing dynamic range (case 1)
may mean a range less than a value obtained by adding the
predetermined value (beta) to the essential maximum bright-
ness luminance_upper_bound indicating the maximum
value of the essential dynamic range of the content. In this
figure, the alpha and beta values may be pre-set by referring
to the characteristics of the UHD broadcast content and the
display of the reception device according to one embodi-
ment of the present invention or may be additionally trans-
mitted.

According to one embodiment of the present invention,
the alpha and beta as the predetermined values may be set to
0. In this case, the display characteristics of the reception
device according to one embodiment of the present inven-
tion may be categorized into a first case (case 1) in which the
maximum value of the dynamic range expressible by the
display of the reception device 1s equal to or less than the
value indicated by the essential maximum brightness infor-
mation, a second case (case 2) in which the maximum value
of the dynamic range expressible by the display of the
reception device 1s greater than the value indicated by the
essential maximum brightness information and 1s less than
the value indicated by the maximum reference brightness
information, and a third case (case 3) 1n which the maximum
value of the dynamic range expressible by the display of the
reception device 1s equal to or greater than the maximum
reference brightness mformation.

According to one embodiment of the present invention, as
the criterion for categorizing the display characteristics of
the UHD broadcast signal reception device, the maximum
reference brightness information, the essential maximum
brightness information and the maximum value of the
dynamic range expressible by the display of the reception
device may be used. Here, the maximum value of the
dynamic range 1s used as the criterion because the percent-
age of a high luminance component (bright part) 1s relatively
high in HDR wvideo as compared to low dynamic range
(LDR) video. However, as necessary, a low luminance
component (dart part) may be used as the criterion for
categornizing the display characteristics of the UHD broad-
cast signal reception device. In this case, mimimum reference
brightness information luminance_min indicating minimum
reference brightness of UHD broadcast content, essential
mimmum brightness information luminance lower_bound
indicating the minimum value of the essential dynamic
range ol the dynamic range of the UHD broadcast content
and the minimum value min_display_brightness of the
dynamic range expressible by the display of the UHD
broadcast signal reception device.
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The criterion used to categorize the display characteristics
of the reception device according to one embodiment of the
present mnvention may be included in the HDR metadata and
transmuitted.

FIG. 24 1s a diagram showing a video processing proce-
dure of UHD broadcast content according to one embodi-
ment of the present invention.

The video processing procedure of the UHD broadcast
content according to one embodiment of the present inven-
tion may include EOTF step S3010, display dynamic range
categorization step S3020, display adaptive dynamic range
transformation step S3030 and/or quantization step S3040.

In the EOTF step S3010, the decoded UHD video data
may be transformed using the EOTF. For a detailed descrip-
tion of the EOTF, refer to the description of the EOTF umnit
1030 of the reception device according to the embodiment of
the present ivention.

In the display dynamic range categorization step S3020,
the display characteristics of the reception device according,
to one embodiment of the present invention may be catego-
rized 1nto a display having an existing dynamic range (case
1), a display which has a dynamic range wider than an
existing dynamic range but does not accommodate the
dynamic range of the UHD broadcast content (case 2) and a
display having a dynamic range wider than the dynamic
range of the UHD broadcast content (case 3). For a detailed
description thereol, refer to the description of the categori-
zation unit 1040 of the reception device according to the
embodiment of the present invention. Heremaiter, in the
present specification, operation ol the reception device
according to one embodiment of the present invention will
be described 1n the categorized display characteristicss (case
1, case 2 and case 3) of the reception device.

In the display adaptive dynamic range transformation step
S3030, the controller of the reception device according to
one embodiment of the present invention may transiorm the
dynamic range (DR) of the received UHD broadcast content
in consideration of the display characteristics of the recep-
tion device. Heremnafter, the display characteristicss of the
reception device categorized in the dynamic range catego-
rization steps S3020 will be described.

If the UHD broadcast signal reception device according to
one embodiment of the present invention has the display
having the existing dynamic range (case 1), the DR of the
display may not sufliciently accommodate the DR of the
content. In this case, the content may be transformed accord-
ing to producer’s intention 1n consideration of the charac-
teristics of the reception device using the following trans-
formation methods.

According to one embodiment of the present invention, a
clipping option may be used for transformation of the UHD
broadcast content. The clipping option refers to an option for
disabling display of a brightness component greater or less
than a predetermined value. The clipping method may be
used when 1t 1s determined that the brightness components
ol content are concentrated in a predetermined range and 1t
1s determined that the best option 1s not to perform trans-
formation when playing the content back on the display of
the reception device. Clipping tlag information clipping_{lag
included 1n the HDR metadata may be set to 1 to indicate
that the clipping option 1s available. If the clipping flag
information clipping_flag 1s 1, clipping dynamic range
information luma_clipping_upper_bound or luma_clippin-
g _lower_bound which 1s a digital value of the brightness of
an area to be played back on the display of the reception
device without separate transformation may be signaled.
The clipping dynamic range information may be included 1n
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the HDR metadata and transmitted. It the clipping option 1s
used, a problem occurring due to saturation artifacts of
content 1s reduced even after using the clipping option. In
addition, 1f the DR to be expressed by the UHD broadcast
content, that 1s, the DR to be played back on the display of
the reception device without separate transformation luma_
clipping_upper_bound or luma_clipping_lower_bound, and
the bit depth of the UHD broadcast content are equal to the
DR and bit depth of the display of the reception device,
information on the mid DR of the content may be maximally
expressed on the display of the reception device.

According to one embodiment of the present invention,
for transformation of the UHD broadcast content, a linear
dynamic range transformation method may be used. Linear
dynamic range transformation refers to a method of linearly
mapping the entire DR of content as a method of using a
transformation equation predetermined by a UHD broadcast
content producer. Linear mapping flag information linear_
mapping_tlag included 1n the HDR metadata may be set to
1 to indicate that the linear dynamic range transformation
method 1s used. In addition, the essential maximum bright-
ness information and the maximum reference brightness
information included i1n the HDR metadata are set to the
same value, the essential minimum brightness mformation
and the minimum reference brightness information are set to
the same value and the transformation curve type mforma-
tion for identifying the type of the transformation curve used
in the mid dynamic range 1s set to 0x00, thereby indicating
that the linear dynamic range transformation method 1s used.
The essential maximum brightness information, the maxi-
mum reference brightness information, the essential mini-
mum brightness information, the minimum reference bright-
ness 1nformation, the mid dynamic range and the
transformation curve type information will be described
below.

According to one embodiment of the present invention,
for transformation of UHD broadcast content, an adaptive
dynamic range transformation method may be used. Adap-
tive dynamic range transiormation refers to a method of
differently applying a transformation equation predeter-
mined by a UHD broadcast content producer according to
areas. In order to support various dynamic ranges of the
display of the UHD broadcast signal reception device
according to one embodiment of the present invention, the
DR of the UHD broadcast content may be categorized into
three area. The DR of the UHD broadcast content may be
categorized into a mid dynamic range area indicating an area
between the essential minmimum brightness information
luminance_lower_bound and the essential maximum bright-
ness 1nformation luminance upper _bound, an upper
dynamic range area indicating an area between the essential
maximum brightness information luminance upper_bound
and the maximum reference brightness imnformation lumi-
nance max and a lower dynamic range area indicating an
area between the minimum reference brightness information
luminance_min and the essential minimum brightness infor-
mation luminance_lower_bound. Here, the mid dynamic
range arca may be referred to as a mid area, the upper
dynamic range area may be referred to as an upper area and
the lower dynamic range areca may be referred to as a lower
area. The percentages of the categorized areas in the DR of
the display of the reception device may be transmitted. The
mid dynamic range area percentage mid_DR_percentage
and the upper dynamic range area percentage upper_
DR _percentage may be transmitted to set brightness accord-
ing to areas of the display via calculation. Here, the lower
brightness area percentage may be calculated by subtracting

5

10

15

20

25

30

35

40

45

50

55

60

65

32

the mid dynamic range arca percentage and the upper
dynamic range area percentage from 100. In order to retlect
producer’s intention to the transformation process of the
adaptive dynamic range method according to one embodi-
ment of the present invention, information for categorizing,
the dynamic range of content luminance upper_bound and
luminance_lower_bound, information on the categorized
areas luma_upper_value and luma_lower_value and infor-
mation on transformation equations of the categorized areas
mid_DR_transformation_curve_type, upper_DR_transior-
mation_curve_type and lower_ DR_transformation_curve
type may be transmitted via high dynamic range metadata.
Here, the essential minimum brightness mformation lumi-
nance_lower_bound, the essential maximum brightness
information luminance_upper_bund, the maximum refer-
ence brightness information luminance_max, the minimum
brightness information luminance lower_bound and the mid
dynamic range area percentage mid_DR_percentage and the
upper_DR_percentage will be described 1n detail below.

When the UHD broadcast signal reception device accord-
ing to one embodiment of the present invention has a wider
DR than an existing DR but cannot accommodate the DR of
UHD broadcast content (case 2), content may be trans-
formed using the following transformation methods in con-
sideration of the characteristics of the reception device and
the intention of the producer.

According to one embodiment of the present invention,
similarly to the case 1n which the UHD broadcast signal
reception device has a display having an existing dynamic
range (case 1), a clipping option may be used for transior-
mation of UHD broadcast content. For this, refer to the
above description of clipping in case 1.

According to one embodiment of the present invention,
similarly to the case in which the UHD broadcast signal
reception device has a display having an existing dynamic
range (case 1), a limear dynamic range transiormation
method may be used for transtormation of UHD broadcast
content. For this, refer to the description of the linear
dynamic range transformation method 1n case 1. Addition-
ally, if the UHD broadcast signal reception device has a
wider DR than an the existing DR but cannot accommodate
the DR of UHD broadcast content (case 2), a dynamic range
difference value luminance upper_bound_difi[1] consider-
ing an additional DR expressible by the display of the
reception device may be transmitted to decide a linear
dynamic range transformation area. Here, the dynamic range
difference value luminance_upper_bound_i1dfl]i1] consider-
ing the additional DR may be included in the high dynamic
range metadata and transmaitted.

According to one embodiment of the present invention,
similarly to the case in which the UHD broadcast signal
reception device has a display having an existing dynamic
range (case 1), an adaptive dynamic range transformation
method may be used for transtformation of UHD broadcast
content. For this, refer to the description of the adaptive
dynamic range transformation method 1n case 1. Addition-
ally, 1f the UHD broadcast signal reception device according
to one embodiment of the present invention has a wider DR
than an existing DR but cannot accommodate the DR of
UHD broadcast content (case 2), the adaptive dynamic range
transformation method may use the DR wider than the
existing dynamic range of case 1. Using additional area
different  information luminance_upper_bound_difi]1],
changed mid dynamic range area percentage information
mid_DR_percentage[1] and changed upper dynamic range
area percentage information upper_DR_percentage[i1], the
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transformation degree of the per-area dynamic range DR of
the dynamic range of the content may be adjusted.

If the following mequality 1s satisiied,

max_display_brightness<luminance upper_bound+lumi-
nance_upper_bound_difi[O]+ +luminance upper_
bound_difi]1]

that 1s, 11 the maximum value max_display_brightness of
the dynamic range expressible by the display of the UHD
broadcast signal reception device 1s less than a value
obtained by adding the additional area diflerence 1informa-
tion luminance upper_bound_difl]i] to the essential maxi-
mum brightness information luminance_upper_bound, the
mid dynamic range area and/or the upper dynamic range
arca may be changed and thus a transformation curve
applied to the changed area may be changed. Therelore,
changed upper area transformation curve type information
upper_DR_transformation_curve_type[1], changed upper
area transformation curve detailed mformation upper DR_
transformation_curve( ), changed upper dynamic range area
percentage 1nformation upper_DR_percentage[i] and/or
changed mid dynamic range area percentage information
mid_DR_percentage[1] are newly applicable. The additional
area difference information, the changed upper area trans-
formation curve type information upper_ DR_transiorma-
tion_curve_type[1], the changed upper area transformation
curve detalled information upper DR_transformation_
curve( ), the changed upper dynamic range area percentage
information upper_DR_percentage[1] and/or the changed
mid dynamic range area percentage information mid_DR_
percentage[1] will be described 1n detail below.

It the UHD broadcast signal reception device according to
one embodiment of the present invention has a wider DR
than that of the existing device but cannot accommodate the
DR of UHD broadcast content (case 2), as compared to the
existing DR of the general display, the entire output dynamic
range 1s increased due to the added DR. At this time, i1 the
changed mid dynamic range area percentage information
mid_DR_percentage[1] 1s similar to that of the existing case
rather than the changed upper dynamic range area percent-
age information upper DR_percentage[i], this means that
the mid dynamic area information 1s indicated in detail. IT
the changed upper dynamic range area percentage iforma-
tion upper_DR_percentage[1] 1s increased, this means that
brightness information of a high luminance component 1s
indicated 1n greater detail.

If the DR of the display of the UHD broadcast signal
reception device according to one embodiment of the pres-
ent mvention sufliciently accommodates the DR of UHD
broadcast content (case 3), the UHD broadcast content may
be played back without a separate transformation process.

In quantization step S3040, the UHD broadcast content
transformed to have a DR suitable for the display of the
reception device according to one embodiment of the pres-
ent 1nvention may be quantized to suit the bit depth of the
display.

The video processing procedure of the UHD broadcast
content according to one embodiment of the present inven-
tion may further include a display characteristics adjustment
step and a playback (display) step. In the display character-
istics adjustment step, the display characteristics of the
reception device may be adjusted to suit the display char-
acteristics intended by the UHD broadcast content producer.
Information on the display characteristics intended by the
content producer may be provided via metadata and the
UHD broadcast signal reception device according to one
embodiment of the present invention may adjust the display
characteristics using the information on the display charac-
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teristics. In the playback (display) step, content with a DR
changed to suit the intention of the producer of the UHD
broadcast content and the display characteristics of the
reception device may be provided to a viewer. If the UH
broadcast signal reception device according to one embodi-
ment of the present invention sufliciently accommodates the
DR of UHD broadcast content (case 3), original content may
be provided to a viewer without separate transformation.

FIG. 25 1s a diagram showing a clipping option and a
linear dynamic range transiformation method according to
one embodiment of the present invention.

In this figure, the x-axis denotes the DR of UHD broad-
cast content according to one embodiment of the present
invention and the y-axis denotes a DR expressible by the
display of a UHD broadcast reception device according to
one embodiment of the present invention. The input
dynamic range may be the DR of content before transior-
mation of the DR and the output dynamic range may be the
DR of content transformed according to the DR expressible
by the display of the reception device.

The curve having a larger gradient between two transior-
mation curves shown 1n this figure may indicate the case of
using the clipping option and the curve having a smaller
gradient may indicate the case of using the linear dynamic
range transformation method.

FIG. 26 1s a diagram showing the types of transformation
curves transmitted via high dynamic range metadata accord-
ing to one embodiment of the present invention.

According to one embodiment of the present invention, 1n
a process of transforming UHD broadcast content to suit the
display characteristics of the UHD broadcast signal recep-
tion device, a specific transformation equation pre-selected
by the producer may be used. In the transformation equation
used to transform content, as shown in this figure, a linear
curve, an exponential curve, an S curve, a logarithmic curve,
a combination curve and a look up table (LUT) may be used.
An optimal transformation curve selected by the producer
may be transmitted mid area transformation curve detailed
information mid_DR_transformation_curve( ) upper area
transformation curve detailed information upper_DR_ trans-
formation_curve( ) and lower area transformation curve
detailed information lower_DR_transformation_curve( ).

FIG. 27 1s a diagram showing an adaptive dynamic range
transformation method according to categorization of the
display of the UHD broadcast signal reception device
according to one embodiment of the present invention.

The display characteristics of the UHD broadcast signal
reception device according to one embodiment of the pres-
ent ivention may be categorized according to a predeter-
mined criterion. The display characteristics of the UHD
broadcast signal reception device may be categorized into a
display having an existing dynamic range (case 1), a display
which has a dynamic range wider than an existing dynamic
range but does not accommodate the dynamic range of the
UHD broadcast content (case 2) and a display having a
dynamic range wider than the dynamic range of the UHD
broadcast content (case 3). For categorization of the display
characteristics, refer to the description of the categorization
unmit of the UHD broadcast signal reception device.

In this figure, the x-axis indicates an 1nput dynamic range
and the y-axis indicates an output dynamic range. When the
DR of UHD broadcast content 1s received as the input
dynamic range, the DR of the UHD broadcast signal recep-
tion device may be output as the output dynamic range via
a transmission process.

The essential mimimum brightness information lumi-
nance_lower_bound shown 1n this figure may indicate the




US 9,661,294 B2

35

mimmum value of an essential dynamic range of the
dynamic range of the UHD broadcast content. The essential
maximum brightness information luminance upper_bound
may indicate the maximum value of the essential dynamic
range of the dynamic range of the UHD broadcast content.
The essential maximum brightness difference information
luminance_upper_bound_difl indicating the value added to
the value of the essential maximum brightness information
luminance_upper_bound may be used to extend the mid
dynamic range area ol the content 1f the UHD broadcast
content 1s transformed to suit the display which has the DR
wider than the existing dynamic range but does not accom-
modate the DR of the UHD broadcast content. That 1s, 1n
case 2, the mid dynamic range area of the UHD broadcast
content may be extended by the value indicated by the
essential maximum brightness difference information lumi-
nance_upper_bound_difl. As a result, in case 2, the mid
dynamic range areca may indicate an areca between the
value of the essential minimum brightness information lumi-
nance_lower_bound and the value obtained by adding the
value of the essential maximum brightness difference infor-
mation luminance upper_bound_ diff to the value of the
essential maximum brightness information luminance up-
per_bound. The maximum reference brightness information
luminance_max may indicate the maximum reference
brightness of the UHD broadcast content, the minimum
reference brightness information luminance min may indi-
cate the minimum reference brightness of the UHD broad-
cast content and the minimum reference brightness infor-
mation may indicate the value of the location of the origin
in the graph although not shown 1n this figure.

Referring to this figure, according to one embodiment of
the present invention, since the display of case 3 can express
a wider DR than that of the UHD broadcast content, a linear
transformation curve having a gradient of 1 may be used in
the entire mput dynamic range. According to one embodi-
ment of the present invention, the display of case 2 uses a
linear transformation curve in an extended mid dynamic
range area and uses an exponential curve or a logarithmic
curve 1n a lower dynamic range area and an upper dynamic
range area changed by the essential maximum brightness
difference information  luminance upper_bound_didl.
According to one embodiment of the present invention, the
display of case 1 may use a linear curve in the mid dynamic
range area and use an exponential curve or a logarithmic
curve 1n a lower dynamic range area and an upper dynamic
range area. In this figure, as the transformation curve used in
cach area of the mput dynamic range, any one of a linear
curve, an exponential curve, an S curve, a logarithmic curve,
a combination curve and a look up table (LUT) may be used.
For the mid dynamic range area, the lower dynamic range
area and the upper dynamic range area, refer to the descrip-
tion of the video processing procedure of the UHD broadcast
content.

FIG. 28 1s a diagram showing the structure of a supple-
mental enhancement information (SEI) message according
to one embodiment of the present invention.

High dynamic range metadata (dynamic range transior-
mation nfo (payloadSize) according to one embodiment of
the present invention may be included 1n payload of a packet
for transmitting the SEI message and transmitted.

FIG. 29 1s a diagram showing high dynamic range trans-
formation 1nfo (payloadSize) included and transmitted 1n an
SEI message according to one embodiment of the present
invention.

High dynamic range (HDR) metadata according to one
embodiment of the present invention indicates metadata
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indicating information on a method for transforming UHD
broadcast content to suit the display characteristics of the
UHD broadcast signal reception device and brightness infor-
mation of UHD broadcast content. The HDR metadata may
be referred to as dynamic range transformation information,
dynamic range transformation 1nfo (payloadSize) or
dynamic_range_transformation_metadata( ).

The HDR metadata according to one embodiment of the
present invention may include maximum reference bright-
ness i1nformation luminance max, minimum reference
brightness information luminance min, arbitrary EOTF
information private_ EOTF, number-of-EOTF-coethicient
information number_of coell, EOTF coetlicient information
transfer curve_coefl]1], clipping flag information clipping
flag, linear mapping tlag information linear _mapping_flag,
clipping maximum dynamic range information luma_clip-
ping_upper_bound, clipping minimum dynamic range infor-
mation luma_clipping_lower _bound, essential maximum
brightness information luminance_upper_bound, essential
minimum brightness information luminance lower_bound,
essential maximum digital value luma_upper_value, essen-
ttal mimmum brightness digital value luma_lower_
value, mid area transformation curve type information
mid_DR_transformation_curve_type, mid area transforma-
tion curve detailed information mid DR transformation
curve( ) mid dynamic range area percentage information
mid_DR_percentage, upper area transformation curve type
information upper_DR_transformation_curve_type, upper
area  transformation curve  detailled information
upper_DR_transformation_curve( ), upper dynamic range
area percentage mformation upper_DR_percentage, lower
area transformation curve type information lower_
DR _transformation_curve_type, lower area transformation
curve detailed 1nformation lower DR transformation
curve( ), number-of-additional-area information number_lu-
minance_upper_bound_difl, additional area difference infor-
mation luminance_upper_bound_difl]i], additional area dii-
terence digital value luma_upper_value difi]1], changed
upper area transformation curve type information
upper_DR_transformation_curve_type[i], changed upper
arca transformation curve detailed information upper_
DR_transformation_curve( ), changed upper dynamic range
area percentage information upper_DR_percentage[i1] and/
or changed mid dynamic range area percentage imnformation
mid_DR_percentage[1].

The maximum reference brightness information lumi-
nance _max indicates the maximum reference brightness of
UHD broadcast content, that 1s, the maximum value of the
DR. For example, the maximum reference brightness of a
reference monitor 1s 100 cd/m 2. In this case, in consider-
ation of a general range, 1 which 1s the quotient of the above
value divided by 100 (decimal number) may be transmitted.

The mimimum reference brightness information luminan-
ce_min 1ndicates the minimum reference brightness of UHD
broadcast content, that 1s, the minimum value of the DR. For
example, the maximum reference brightness of a reference
monitor 1s 0.05 c¢cd/m 2. In this case, in consideration of a
general range, 5 obtained by multiplying the above value by
100 (decimal number) may be transmitted.

The arbitrary EOTF information private EOTF indicates
whether an arbitrary EOTF function 1s used. In general, if a
widely used EOTF such as ITU-R BT.1886, REC.709 or
BT.2020 1s used, this may be delivered by VUI information.
However, 1 a non-standardized EOTF 1s used, this field
value may be set to 1. For example, perceptual quantization
may be used as the non-standardized EOTE, that 1s, an
arbitrary EOTF.
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The number-of-EOTF-coeflicient information number of
coefl indicates the number of coethicients used for an arbi-

trary EOTFE.

The EOTF coeflicient information transier_curve_coefl]1]
indicates the coetlicient used for an arbitrary EOTFE.

The clipping flag information clipping flag indicates
whether a clipping option 1s used and may have a value of
1 1f use of the clipping option 1s permitted.

The linear mapping tlag information linear_mapping_flag
indicates whether a linear dynamic range transformation
method 1s used and has a value of 1 11 the linear dynamic
range method 1s used.

The clipping maximum dynamic range information
luma_clipping_upper_bound indicates the digital value of
an upper bound in the DR of the display if the clipping
option 1s used.

The clipping minimum dynamic range information
luma_clipping_lower_bound indicates the digital value of a
lower bound 1n the DR of the display if the clipping option
1s used.

The essential maximum brightness information luminan-
ce_upper_bound indicates a maximum value of an essential
DR of the DR of the UHD broadcast content (in nits). The
essential maximum brightness information may become a
criterion for determiming the type of the display of the
reception device. In addition, a separate criterion for deter-
mimng the type of the display of the reception device may
be signaled.

The essential minimum brightness information Iumi-
nance lower bound indicates a minimum value of an essen-
tial DR of the DR of the UHD broadcast content (1n nits).
The essential mimmum brightness mnformation may become
a criterion for determining the type of the display of the
reception device. In addition, a separate criterion for deter-
mimng the type of the display of the reception device may
be signaled.

The essential maximum digital value luma_upper_value
indicates a digital value corresponding to the essential
maximum brightness information luminance_upper_bound.

The essential minimum brightness digital value
luma_lower_value indicates a digital value corresponding to
the essential minimum brightness information luminance
lower bound.

The mid area transformation curve type mnformation mid_
DR _transformation_curve_type 1dentifies a dynamic range
transformation curve used for a mid dynamic range area.
The transformation curve may be any one of a linear curve,
an exponential curve, an S curve, a logarithmic curve, a
combination curve and a look up table (LUT).

The mid area transformation curve detailed information
mid_DR_transformation_curve( ) indicates additional infor-
mation of the transformation curve 1dentified by the mid area
transformation curve type information mid_DR _transforma-
tion_curve_type. For example, gradient information may be
transmitted 1f a linear curve 1s used, information on a base
may be transmitted if an exponential curve or a logarithmic
curve 1s used, information on a base and y-intercept and
coordinates of an intersection may be transmitted if an S
curve 1s used, and information on an X coordinate of each
area, a curve type ol each areca and a graph may be
transmitted 1f a combination curve 1s used.

The mid dynamic range area percentage information
mid_DR_percentage indicates a percentage of a mid
dynamic range area of the dynamic range of UHD broadcast
content in the entire dynamic range DR of the display of the
reception device.
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The upper area transformation curve type information
upper_DR_transformation_curve_type 1dentifies a dynamic
range transformation curve used for an upper dynamic range
area. The transformation curve may be any one of a linear
curve, an exponential curve, an S curve, a logarithmic curve,
a combination curve and a look up table (LUT).

The upper area transformation curve detailed information
upper_DR_transformation_curve( ) indicates additional
information of the transformation curve identified by the
upper area transformation curve type 1information
upper_DR_transformation_curve_type. For example, gradi-
ent information may be transmitted 1f a linear curve 1s used,
information on a base may be transmitted 1f an exponential
curve or a logarithmic curve 1s used, information on a base
and y-intercept and coordinates of an intersection may be
transmitted 1f an S curve 1s used, and information on an x
coordinate of each section, a curve type of each section and
a graph 11 a combination curve 1s used.

The upper dynamic range area percentage information
upper_DR_percentage indicates a percentage of an upper
dynamic range area of the dynamic range of UHD broadcast
content in the entire dynamic range DR of the display of the
reception device.

The lower area transformation curve type information
lower_DR_transtormation_curve_type i1dentifies a dynamic
range transformation curve used for a lower dynamic range
area. The transformation curve may be any one of a linear
curve, an exponential curve, an S curve, a logarithmic curve,
a combination curve and a look up table (LUT).

The lower area transformation curve detailed information
lower_DR_transformation_curve( ) indicates additional
information of the transformation curve identified by the
lower area transformation curve type information low-
er_DR_transformation_curve_type. For example, gradient
information may be transmitted 1f a linear curve 1s used,
information on a base may be transmitted 11 an exponential
curve or a logarithmic curve 1s used, information on a base
and y-intercept and coordinates of an intersection may be
transmitted 1f an S curve 1s used, and information on an X
coordinate of each area, a curve type of each area and a
graph 11 a combination curve 1s used.

The number-of-additional-area information number lu-
minance_upper_bound_difl indicates the number of vari-
ables used to extend the mid dynamic range area.

The additional area difference information luminance_up-
per_bound_difl]1] indicates a difference value configuring an
(1+1)-th brightness value 1n UHD broadcast content. In the
display which has a dynamic range wider than an existing
dynamic range but does not accommodate the dynamic
range ol the UHD broadcast content (case 2), 1f the mid
dynamic range area 1s extended, the essential maximum
brightness information luma_upper_value may be changed
to a value indicated by luminance upper_bound+luminan-
ce_upper_bound_diff]O]+ . . . +luminance_upper bound_
difii].

The additional area difference digital value luma_upper_
value_difi]1] indicates a digital value of an (1+1)-th bright-
ness value 1n UHD broadcast content. In the display which
has a dynamic range wider than an existing dynamic range
but does not accommodate the dynamic range of the UHD
broadcast content (case 2), 11 the mid dynamic range area 1s
extended, the essential maximum brightness digital value
luma_upper_value may be changed to a value indicated by
luma_upper_value+luma_upper_value difiJO]+ +lu-
ma_upper_value_difl]i].

The changed upper area transformation curve type infor-
mation upper_DR_transformation_curve_type[1] may 1den-
tify a transformation curve used in the changed upper
dynamic range area if an (1+1)-th dynamic range 1s sup-
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ported. That 1s, the changed upper area transformation curve
type information may identily a transformation curve in the
changed upper dynamic range area 11 the mid dynamic range
area 1s extended.

The changed upper area transformation curve detailed
information upper_ DR_transformation_curve( ) indicates
additional information of the transformation curve identified
by the changed upper area transformation curve type nfor-
mation upper_DR_transformation_curve_type[1]. That 1s,
details of the transformation curve used in the changed
upper dynamic range area 1f the (1+1)-th dynamic range 1s
supported are indicated.

The changed upper dynamic range area percentage infor-
mation upper_DR_percentage[1] indicates a percentage of
the changed upper dynamic range area in the entire dynamic
range of the display of the reception device i1f the mid
dynamic range area of UHD broadcast content 1s changed.

The changed mid dynamic range area percentage infor-
mation mid_DR_percentage[1] indicates a percentage of the
changed mid dynamic range area in the entire dynamic range
of the display of the reception device 1 the mid dynamic
range areca of UHD broadcast content 1s changed.

The HDR metadata according to one embodiment of the
present mvention may further include EOTF type informa-
tion EOTF_type and/or EOTF additional information EOT-
F_additional_info. The EOTF type information EOTF_type
may 1indicate the type of the EOTF used by a content
producer for optimal image quality of HDR content. Even
when a plurality of EOTF standards 1s established or a
content producer defines and uses an arbitrary EOTEF, a
receiver may identily the type of the used EOTF using the
EOTF type imnformation. The EOTF additional information
EOTF additional info 1s used to deliver additional infor-
mation of the used EOTF 11 additional information needs to
be delivered according to the EOTF type information. For
given EOTF type mformation, if the coeflicients of a plu-
rality of EOTF functions need to be delivered under various
conditions, a transmitter may provide information on the
coellicients using the EOTF additional information EOT-
F_additional _info. For example, if the coellicient of the
EOTF function 1s changed according to various maximum
brightness conditions of content, all the coellicients accord-
ing to the maximum brightness conditions should be deliv-
ered. In this case, the above-described EOTF additional
information may be used through a method of separately
defining a field indicating the number of maximum bright-
ness conditions of content in the above-described EOTF
additional 1nformation and indicating target maximum
brightness information EOTF_target max_brightness and
information on the coetlicients EOTF_coefhicient|[1] of the
EOTF function under each maximum brightness condition.

FIG. 30 1s a diagram showing mid area transformation
curve type mformation mid_DR_transformation_curve_
type according to one embodiment of the present invention.

If the value of the mid area transformation curve type
information mid_DR_transformation_curve type 1s 0x00,
this indicates that a linear curve 1s used as a transformation
curve and, 1f the value of the mid area transformation curve
type information mid_DR_transformation_curve_type 1s
0x02, this indicates that a logarithmic curve 1s used as a
transformation curve. If the value of the mid area transior-
mation curve type information mid_DR_transformation_
curve_type 1s 0x03, this indicates that an S curve i1s used as
a transformation curve and, if the value of the mid area
transiformation curve type information mid_DR_transforma-
tion_curve_type 1s 0x04, this indicates that a combination
curve 1s used as a transformation curve. If the value of the
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mid area transformation curve type information mid_
DR_transformation_curve_type 1s 0x05, this indicates that
an LUT 1s used.

Although the mid area transformation curve type infor-
mation 1s shown 1n this figure, the same 1s true 1n the upper
area transformation curve type information upper_
DR _transformation_curve_type and the lower area transior-
mation curve type mformation lower DR_ transformation_
curve_type.

FIG. 31 1s a diagram showing transformation curve
detailed information DR_transformation_curve according to
one embodiment of the present invention.

The transformation curve detailed information DR _trans-
formation_curve according to one embodiment of the pres-
ent invention may include gradient information gradient,
base information coefl a, coell b, intersection coordinate
information 1ntersection_x, y-intercept information
coefl a2, number-of-combined-curves information num_
section, transformation curve type information DR_trans-
formation_curve_type[i], entry length information entry_
length, entry mput imnformation in_value and entry output
information out value.

The gradient information gradient indicates the gradient
of a linear curve 1f a linear curve 1s used as a transformation
curve.

The base information coefl a, coell b indicates the base
of an exponential function or a logarithmic function 1 an
exponential curve, an S curve and/or a logarithmic curve 1s
used as a transformation curve.

The intersection coordinate information intersection X
indicates the coordinates of the intersection 1f an S curve 1s
used as a transformation curve.

The y-intercept information coefl_a2 indicates a y-inter-

cept value of each of curves located at both sides of an
intersection 1f an S curve 1s used as a transformation curve.

The number-of-combined-curves information num sec-
tion indicates the number of combined curves 1f a combi-
nation curve 1s used as a transformation curve.

The transformation curve type information DR _transior-
mation_curve_type[1] identifies the type of each of the
combined curves 1f a combination curve 1s used as a trans-
formation curve.

The entry length information entry_length indicates the
length of an entry included 1n an LUT 11 an LUT 1s used for
transformation of UHD broadcast content.

The entry mput information in_value indicates a value
mput to an LUT 11 an LUT 1s used for transformation of
UHD broadcast content.

The entry output information out_value indicates a value
output from an LUT 1f an LUT 1s used for transformation of
UHD broadcast content.

FIG. 32 1s a diagram showing an event information table
according to one embodiment of the present invention.

The event information table according to one embodiment
of the present invention may include a table_id field, a
section_syntax_indicator field, a private_indicator field, a
section_length field, a source 1d field, a version_number
field, a current_next_indicator field, a section_number field,
a last_section_number field, a protocol_version field, a
num_events_in_section field, an event 1id field, a start_time
field, an ETM_location field, a length_in_seconds field, a
title_length field, a title_text( ) field, a descriptors_length
field, a descriptor( ) field and/or a CRC_32 field.

The table 1d field identifies that the table 1s an EIT.

-

T'he section_syntax_indicator field 1s a 1-bit field, which
1s set to 1 to indicate the “long” form of an MPEG-2

private_section table.
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The private_indicator field 1s a 1-bit field set to 1.

The section_length field indicates the length of a table
section following this field in bytes.

The source 1d field indicates a source 1d of a virtual
channel for transmitting an event described in this section.

The version_number field 1s a 5-bit field indicating the
version number of the table.

The current_next_indicator field 1s a 1-bit field indicating,
that this table 1s currently or next applicable.

The section number field indicates the number of the
section.

The last_section_number ficld identifies the number of a
last section.

The protocol_version field 1s a field having a function for
allowing, in the future, a current table type for transmitting
parameters different from those defined in the current pro-
tocol.

The num_events_in_section field indicates the number of
events included in this table section.

The event_1d field 1dentifies a specific number 1indicated
by the described event. Here, the specific number may
function as a part of an event ETM_1d.

The start time field indicates the start time of the event in
GPS seconds. The value indicating the start time of the event
in the virtual channel may be greater than the value indi-
cating the end time of the event which 1s being broadcast.
The end time of the event may be defined as a sum of the
start time of the event and a time value of the length of the
event.

The ETM _location field indicates whether an extended
text message for a channel, an event or a data event 1s
present.

The length_1in_seconds field indicates the duration of the
event 1n seconds.

The title_length field indicates the length of the title text
title text. If the value of this field 1s O, this indicates that
there 1s no title in this event.

The title_text( ) field indicates the title of the event 1n the
form of multiple string structures.

The descriptors_length field indicates the total length of a
subsequently described event descriptor.

The descriptor( ) field 1s a descriptor loop located 1n the
table. The descriptor loop may include an additional descrip-
tor. O or more descriptors may be included 1n the EIT and the
descriptor may correspond to an event level descriptor
describing information applied to each event. The HDR
metadata according to one embodiment of the present inven-
tion may be included in the event level descriptor and
transmitted. If the HDR metadata according to one embodi-
ment of the present mvention 1s included in the event level
descriptor and transmitted, the reception device may check
whether dynamic range transformation metadata of content
1s included at an event level and the determine whether
reception device may accommodate the content. The
descriptor including the HDR metadata may be referred to as
a dynamic range transformation information descriptor and
a detailed description thereotf will be given below. A UHD
program information descriptor including information for
identifying the type of a UHD service may be included in the
EIT and transmitted and a detailed description thereof will

be given below.
The CRC_32 field includes a CRC value for checking

integrity of data. The CRC value may guarantee that a value
of 0 1s output from a register of a decoder defined 1n Annex
A of ISO-13818-1 “MPEG-2 Systems”™ [13] after all EIT

sections are processed.
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FIG. 33 1s a diagram showing a dynamic range transior-
mation information descriptor dynamic_range_transforma-
tion_info_descriptor according to one embodiment of the
present 1vention.

The dynamic range transformation information descriptor
dynamic_range_transformation_info_descriptor according
to one embodiment of the present invention may include a
descriptor_tag field, a descriptor_length field, a number_of_
HDR _info field and/or a dynamic_range transformation_
metadata( ) field.

The descriptor_tag field 1dentifies that this descriptor 1s a
dynamic range transformation descriptor.

The descriptor_length field indicates the length of this
descriptor.

The number of HDR 1info field indicates the number of
HDR metadata included 1n this descriptor and may indicate
the number of HDR modes mtended by a producer if the
content transformation method 1s changed scene by scene.

The dynamic_range_transformation_metadata( ) {field
indicates information on a method of transforming UHD
broadcast content to suit the display characteristics of the
UHD broadcast signal reception device and brightness infor-
mation of UHD broadcast content. This field may be referred
to as HDR metadata and a description thereof will be given
below.

FIG. 34 1s a diagram showing HDR metadata dynami-
c_range transformation_metadata( ) 1ncluded 1n the
dynamic range transformation information descriptor
dynamic_range transformation_info_descriptor( ) accord-
ing to one embodiment of the present invention.

The HDR metadata dynamic_range_transformation_
metadata( ) according to one embodiment of the present
invention may include maximum reference brightness infor-
mation luminance_max, minimum reference brightness
information luminance min, essential maximum brightness
information luminance_upper_bound, essential minimum
brightness mformation luminance_lower_bound, number-
of-additional-areas information number_ luminance upper_
bound diff and/or additional area diffterence information
luminance_upper_bound_difi]1].

The HDR metadata dynamic_range transformation
metadata( ) according to one embodiment of the present
invention may further include arbitrary EOTF information
private_ EOTF, number-of-EOTF-coellicient information
number_of coefl, EOTF coefhicient information transfer
curve_coell]1], clipping flag information clipping_flag, lin-
car mapping flag information linear_mapping_flag, clipping
maximum dynamic range information luma_clipping_up-
per_bound, clipping minimum dynamic range information
luma_clipping_lower_bound, essential maximum bright-
ness information luminance upper_bound, essential mini-
mum brightness 1nformation luminance lower_ bound,
essential maximum digital value luma_upper_value, essen-
tial mimimum brightness digital value luma_lower_value,
mid area transformation curve type mformation mid DR_
transformation_curve_type, mid area transformation curve
detailed information mid_DR_transtormation_curve( ), mid
dynamic range area percentage information mid_DR_per-
centage, upper area transformation curve type nformation
upper_DR_transformation_curve_type, upper area transior-
mation curve detailed information upper DR_transforma-
tion_curve( ) upper dynamic range area percentage infor-
mation upper_DR_percentage, lower area transiormation
curve type mformation lower DR_transformation_curve_
type, lower area transformation curve detailed information
lower_DR_transtformation_curve( ) additional area difler-
ence digital value luma_upper_value difl]i], changed upper
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arca transformation curve type 1nformation upper_
DR_transformation_curve_type[i1], changed upper area
transformation curve detailed information upper_DR_trans-
formation_curve( ) changed upper dynamic range area per-
centage 1nformation upper_DR_percentage[1] and/or
changed mid dynamic range area percentage information
mid_DR_percentage[1].

For the information included in the HDR metadata
dynamic_range_transformation_metadata( ) according to
one embodiment of the present invention, refer to the
description of the HDR metadata (dynamic range transior-
mation 1nfo (payloadSize) included and transmitted in the
SEI message.

The HDR metadata dynamic_range transformation_
metadata( ) according to one embodiment of the present
invention may further include EOTF type information EOT-
F_type and/or EOTF additional information EOTF_addi-
tional_info. The FEOTF type mformation EOTF_type may
indicate the type of the EOTF used by a content producer for
optimal 1mage quality of HDR content. Even when a plu-
rality of EOTF standards 1s established or a content producer
defines and uses an arbitrary EOTF standard, a receiver may
identity the type of the used EOTF using the EOTF type
information. The EOTF additional information EOTF ad-
ditional 1ntfo 1s used to deliver additional information of the
used EOTF 1f additional information needs to be delivered
according to the EOTF type information. For given EOTF
type information, 1t the coellicients of a plurality of EOTF
functions need to be delivered under various conditions, a
transmitter may provide information on the coellicients
using the EOTF additional information EOTF_additional
info. For example, 11 the coellicient of the EOTF function 1s
changed according to various maximum brightness condi-
tions of content, all the coeflicients according to the maxi-
mum brightness conditions should be delivered. In this case,
and the above-described EOTF additional information may
be used through a method of separately defining a field
indicating the number of maximum brightness conditions of
content 1n the above-described EOTF additional information
and indicating target maximum brightness information EOT-
F_target max_brightness and information EOTF_coetlici-
ent[1] on the coeflicients of the EOTF function under each
maximum brightness condition.

According to one embodiment of the present invention, a
plurality of HDR metadata may be present in one event. That
1s, the HDR metadata 1s not consistently applied to one piece
of UHD broadcast content but diflerent metadata may be
applied according to scene and transformed by another
method. In this case, the display of the UHD broadcast
signal reception device according to one embodiment of the
present 1nvention needs to determine whether UHD broad-
cast content 1s accommodated. Dynamic range information
of UHD broadcast content and criterion information neces-
sary to categorize the display of the reception device may be
transmitted using the HDR metadata according to one
embodiment of the present invention.

FIG. 35 1s a diagram showing a UHD program informa-
tion descriptor UHD_program_info_descriptor( ) according
to one embodiment of the present invention.

The UHD program information descriptor UHD_pro-
gram_info_descriptor( ) according to one embodiment of the
present 1nvention may include a descriptor_tag field, a
descriptor_length field and/or a UHD_service_type field.

The descriptor_tag field identifies that this descriptor 1s a
dynamic range transformation information descriptor.

The descriptor_length field indicates the length of this
descriptor.
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The UHD_service_type field may provide information on
the type of a UHD service to provide various UHD services.
For example, as the type of the UHD service, there are
UHD1 (4K) and UHD2 (8K). In addition, the type of the
UHD service may be categorized according to image quality
and may be arbitrarily specified by a user.

FIG. 36 15 a diagram showing a UHD_service_type field
included i the UHD program information descriptor
UHD_program_info_descriptor( ) according to one embodi-
ment of the present invention.

If the value of the UHD_service_type field according to
one embodiment of the present invention 1s 0000, this
indicates a UHDI1 service and, if the value of the UHD _ser-
vice_type field according to one embodiment of the present
invention 1s 0001, this indicates a UHD?2 service. If the value
of the UHD_service _type field according to one embodi-
ment of the present invention 1s 1000 to 1111, this indicates
a specific service specified by a user. For example, the user
may set UHD_service_type to 1001 (color enhanced UHD1
(4K) service) to indicate that color enhancement 1s used.

According to one embodiment of the present invention,
UHD_service_type may be set to 1001 (color enhanced
UHD1 (4K) service) to indicate that the display character-
1stics may be adjusted using metadata. If UHD_service_type
1s 0000 (UHD1 service), presence/absence of the dynamic
range transformation information descriptor dynami-
c_range transformation_info_descriptor( ) in the EIT may
be checked to determine whether UHD broadcast content
may be transformed to suit the display of the reception
device using metadata.

According to one embodiment of the present
invention, using the dynamic range transformation informa-
tion descriptor dynamic_range transformation_info_de-
scriptor( ), whether the dynamic range of content desired to
be played back by a content provider may be expressed on
the display of a viewer may be determined. Thereby,
whether HDR metadata 1s used for content played back
currently or 1n the future may be determined and a receiver
may be pre-set for scheduled recording.

FIG. 37 1s a diagram showing a terrestrial virtual channel
table (TVCT) according to one embodiment of the present
invention.

The terrestrial virtual channel table (TVCT) according to
one embodiment of the present invention may include a
table 1d field, a section_syntax_indicator field, a prni-
vate_indicator field, a section_length field, a transport_stre-
am_1d field, a version_number field, a current_next indica-
tor flield, a section number field, a last section number
field, a protocol_version field, a num_channels_in_section
field, a short_name field, a major_channel_number field, a
minor_channel number field, a modulation mode field, a
carrier_irequency field, a channel TSID field, a program_
number field, an ETM_location field, an access_controlled
field, a hidden field, a hide_guide field, a service type
field, a source_i1d field, a descriptors_length field and a
descriptor( ) field.

The table 1d field 1dentifies a table. Since the table shown
in FIG. 30 1s a TVCT, the value of table _id 1s 0x08.

The section_syntax_indicator field 1s a 1-bit field, which
1s set to 1 to indicate the “long” form of the MPEG-2
private_section table. (This 1-bat field shall be set to ‘1’ to
always 1ndicate the “long” form of the MPEG-2
private_section table.)

The private_indicator field 1s a 1-bit field, which 1s set to
1. (This 1-bit field shall be set to “1°.)

The section_length field indicates the length of the table
section following this field in bytes. (This 1s a 12-bit field,
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the first two bits of which shall be “00”. It specifies the
number of bytes of the section, starting immediately fol-
lowing the section_length field and including the CRC. The
section_length shall not exceed 1021 so that the entire
section has a maximum length of 1024 bytes.)

The transport_stream_1d field indicates the 1dentifier of an
MPEG-2 transport stream (ST) included in the table. (To
distinguish each transport stream within a single network
(terrestrial, cable or satellite) from another, MPEG-2 estab-
lished the use of a 16-bit (ranging from O to 65335)
transport_stream_identifier, which 1s also called a TSID.)

The version_number field 1s a 5-bit field indicating the
version number of the table. (This 5-bit field 1s the version
number of the PSIP section. The version number shall be
incremented by 1 modulo 32 when a change 1n the infor-
mation carried within the PSIP section occurs. When the
current_next_indicator 1s set to ‘0’, then the version_number
shall be that of the next applicable PSIP_section with the
same table 1d, table_1d_extension, and section_number.)

The current_next_indicator field 1s a 1-bit field indicating
that this table 1s currently or next applicable. (A 1-bit field,
which when set to ‘1’ indicates that the PSIP section sent 1s
currently applicable. When the current_next_indicator 1s set
to ‘17, then the version_number shall be that of the currently
applicable PSIP_section. When the bit 1s set to ‘0, 1t
indicates that the PSIP_section sent 1s not yet applicable and
shall be the next PSIP section with the same section num-
ber, table_1d_extension, and table_id to become valid.)

The section number field indicates the number of the
section. (This 8-bit field gives the number of the PSIP_sec-
tion. The section _number of the first section 1n a PSIP table
shall be 0x00. The section_number shall be incremented by
1 with each additional section 1n the PSIP table. The scope
of the section_number shall be defined by the table 1d and
table 1d_extension. That 1s, for each PSIP table and value of
the table_1d_extension field, there 1s the potential for the full
range of section_number values.)

The last__ section__ number field identifies the number
of the last section. (This 8-bit field specifies the number
of the last section (that 1s, the section with the highest
section_number) of the PSIP table of which this section 1s a
part. Its scope 1s the same as that of the section_number
field.)

The protocol_version field 1s a field having a function for
allowing, 1n the future, a current table type for transmitting
parameters different from those defined in the current pro-
tocol. (An 8-bit unsigned integer field whose function 1s to
allow, 1n the future, this table type to carry parameters that
may be structured differently from those defined in the
current protocol. At present, the only valid value for proto-
col_version 1s zero. Non-zero values of protocol_version
may be used by a future version of this standard to indicate
structurally different tables.)

The num_ channels 1n section field indicates the number
of virtual channel definitions (The num_channels_in_sec-
tion field in ATSC Cable Virtual Channel table CVCT table
sections 1s an eight-bit field that indicates the number of
virtual channel definitions to follow 1n the table section.)

The short_name field 1s a 112-bit field indicating the short
channel for the virtual channel. (The short_name field 1s a
112-bit field in ATSC CVCT table sections that gives the
short_name for the virtual channel. Each letter of the short_
name 1s formatted as a 16-bit Unicode character, with the
high order byte transmitted first. Therefore, short_name for
TVCT and CVCT entries 1s seven Unicode characters,
which short_name for SVCT entries 1s eight Unicode char-
acters. If the display name i1s less than the number of
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permitted characters, 0/0x00 1s appended to the end until the
allocated number of bits has been reached.)

The major_channel_number field indicates the number of
major channels associated with the virtual channel. (A 10-b1t
number that represents the “major” channel number associ-
ated with the virtual channel being defined in this 1teration
of the “for” loop. Each virtual channel shall be associated
with a major and a minor channel number. The major
channel number, and the minor channel number, act as the
user’s reference number for the virtual channel. The major_
channel number shall be between 1 and 99. The value of
major_channel_number shall be set such that in no case 1s a
major_channel number/minor_channel _number pair dupli-
cated within the TVCT.)

The minor channel number field indicates the number of
minor channels associated with the virtual channel. (A 10-bit
number 1n the range 0 to 999 that represents the “minor” or
“sub”-channel number. This field, together with major_
channel_number, serves as a two-part channel number,
where minor_channel_number represents the second or
right-hand part of the number. When the service_type 1s
analog television, minor_channel number shall be set to 0.)

The modulation mode field indicates the modulation
mode of the carrier carrying the virtual channel. (The
modulation_mode 1s an eight-bit field in a virtual channel
entry that informs receivers of the modulation mode used to
transmit individual channels.)

The carrier_frequency field transmits carrier frequency
information used by the transport carrying the virtual chan-
nel. (The carrier frequency 1s a 32-bit field that transmaits the
carrier frequency used by the transport carrying the virtual
channel. )

The channel TSID field indicates the MPEG-2 transport
stream ID of the transport stream (1'S) for transmitting the
MPEG-2 program associated with the virtual channel. (The
channel_TSID 1s a 16-bit unsigned 111teger that gives the
transport_stream_1d of the channel that carries (for mactive
channels, will carry) the virtual channel.)

The program_number field identifies each program ser-
vice or virtual channel 1n the TS. (The program_number 1s
a 16-bit unsigned integer that uniquely 1dentifies each pro-
gram service (or virtual channel) present in a transport
stream.)

ETM _location field indicates whether there 1s an extended
text message for the channel, event or data event. (The
ETM location field denotes whether there 1s an extended
text message for the channel (Channel Extended Text table
or CETT), event (Event Extended Text table) or data event
(Data Extended Text table).)

The access controlled field indicates whether the event
associated with this virtual channel may be controlled.
(When access_controlled 1s set to ‘1°, means that events
associated with this virtual channel may be access con-
trolled. When set to ‘0°, access to the events 1s not con-
trolled.)

The hidden field means whether this channel may be
accessed by direct entry (or field, attribute or entity) of the
virtual channel number. (When hidden 1s set to °1’°, means
the channel cannot be accessed by direct entry of the virtual
channel number. When set to ‘0°, virtual can be accessed by
direct entry.)

The hide_guide field indicates whether this channel may
be accessed by direct entry (or field, attribute or entity) of the
virtual channel number. (When hide_guide 1s set to “1°, this
means that the channel cannot be accessed by direct entry of
the virtual channel number. When set to ‘0°, virtual can be
accessed by direct entry.)
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The service_type identifies the service type set in the
virtual channel. (The service_type 1s a 6-bit enumerated field
that 1dentifies the type of service set 1n the virtual channel.)
As one embodiment of the UHD service, the service type
may be set to parameterized service (0x07), extended param-
cterized service (0x09) or new DTV service (0)(10). The
above-described service name and value are exemplary and
may have another name or value.

The source_1d field 1s a 16-bit unsigned integer to indicate
the programming source associated with the virtual channel.
(A 16-bit unsigned integer that 1dentifies the programming
source assoclated with the virtual channel. In this context, a
source 1s one specific source of video, text, data, or audio
programming. Source ID value zero 1s reserved. Source 1D
values 1n the range Ox0001 to OxOFFF shall be unique within
the Transport Stream that carries the VCT, while values
0x1000 to OxFFFF shall be unique at the regional level.
Values for source 1ds 0x1000 and above shall be 1ssued and
administered by a Registration Authority designated by the
ATSC.)

The descriptors_length field signals the length of the
tollowing descriptor field 1in bytes. (The descriptors_length
1s a 10-bit unsigned integer field that signals the length 1n
bytes of the descriptor field to follow. If no descriptors are
present, zero would be appropriate.)

The descriptor( ) field 1s a descriptor loop located 1n the
table. The descriptor loop may include additional descrip-
tors.

FIG. 38 1s a diagram showing a descriptor capable of
identifying a UHD broadcast service according to one
embodiment of the present invention.

Whether UHD wvideo 1s serviced in the TVCT according
to one embodiment of the present invention may be signaled
by the above-described method.

If service_type 1s Ox07, a video service may be described
and whether the stream may be decoded and played back by
the reception device may be determined using the informa-
tion included in stream_info_details( )transmitted via a
component list descriptor. In addition, information on a
UHD service may be provided via a UHD descriptor and/or
a service location descriptor.

If service_type 1s 0x09, a parameterized service descriptor
may be further used. Using this, detailed information on a
UHD service may be provided. In addition, information on
a UHD service may be provided via a component list
descriptor and/or a service location descriptor.

If service_type 1s 0x10, mformation on a UHD service
may be provided via a UHD descriptor and/or a service
location descriptor.

FIG. 39 1s a diagram showing a video data processing
method according to another embodiment of the present
invention.

The wvideo data processing method according to one
embodiment of the present mmvention may include step
539010 of decoding video data and/or step S39020 of
transmitting the decoded video data and dynamic range
mastering 1nformation including dynamic range related
information of the video data to a sink device via an
interface. The dynamic range mastering information may
include EOTF type information for identifying the EOTF
used for the video data. The dynamic range mastering
information was described above with reference to FIGS. 11,
12 and 14.

According to another embodiment of the present mnven-
tion, the dynamic range mastering information may include
information indicating maximum brightness of a mastering
display and/or information indicating minmimum brightness

10

15

20

25

30

35

40

45

50

55

60

65

48

of the mastering display. Here, the mformation indicating
maximum brightness of the mastering display may indicate
Orig_white luminance_level information and the iforma-
tion indicating minimum brightness of the mastering display
may 1indicate Orig_black luminance_level information,
both of which were described above with reference to FIGS.
11, 12 and 14.

According to another embodiment of the present inven-
tion, the dynamic range mastering information may include
chromaticity coordinate information of the three primary
colors and white color of the mastering display. Here, the
chromaticity coordinate information of the three primary
colors of the mastering display and/or the chromaticity
coordinate information of the white color of the mastering
display may be signaled using Orig_color_gamut, Red-x,
Red-y, Green-x, Green-y, Blue-x, Blue-y, White-x and/or
White-y fields, all of which were described above with
reference to FIGS. 11, 12 and 14.

According to another embodiment of the present inven-
tion, the dynamic range mastering information may include
additional information of the EOTF according to EOTF type
information. Here, the additional information of the EOTF
may 1nclude EOTF_additional_info and/or EOTF_Coetli-
cient, both of which were described above with reference to
FIGS. 11 and 14.

FIG. 40 1s a diagram showing the configuration of a video
data processing device according to one embodiment of the
present 1vention.

The video data processing device 40030 according to one
embodiment of the present invention may include a recep-
tion unit 40010 and/or a playback unit 40020.

The reception unit may receive video data and dynamic
range mastering information including dynamic range
related information of the video data from a source device
via an interface. The dynamic range mastering information
may include EOTF type information for identifying the
EOTF used for the video data.

The playback unit may play the recerved video data back.
The configuration of the video data processing device
40030 according to one embodiment of the present invention
may perform the steps of the above-described video data
processing method (FIG. 1). Each configuration may corre-
spond to hardware or may be combined with hardware.

FIG. 41 1s a diagram showing the configuration of a video
data processing device according to another embodiment of
the present invention.

The video data processing device 41030 according to one
embodiment of the present invention may include a decoder
41030 and/or a transmission unit 41020.

The decoder may decode video data.

The transmission unit may transmit the decoded video
data and dynamic range mastering information including
dynamic range related information of the video data to a sink
device via an interface. The dynamic range mastering infor-
mation may include EOTF type information for identifying
the EOTF used for the video data.

The configuration of the video data processing device
41030 according to one embodiment of the present invention
may perform the steps of the above-described video data
processing method (FIG. 39). Each configuration may cor-
respond to hardware or may be combined with hardware.

According to the embodiments of the present invention, 1t
1s possible to optimally view content including UHD content
under various display device conditions.

According to the embodiments of the present invention, 1t

1s possible to reduce color or brightness restrictions accord-
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ing to the physical properties of display devices when
content including UHD content 1s displayed on various
display devices.

According to the embodiments of the present invention, 1t
1s possible to optimally view content including UHD content
by delivering the properties of a display device even when
content including the UHD content 1s supplied via an
external device.

The modules, units or blocks according to the embodi-
ments of the present invention may be processors/hardware
for executing a series of processes stored in a memory (or a
storage unit). The steps or methods described 1n the above-
described embodiments may be performed by hardware/
processors. The methods proposed by the present invention
may be executed as code. The code may be written 1n a
process-readable storage medium and thus may be read by
a processor provided by an apparatus according to the
embodiments of the present invention.

Although the description of the present invention
1s explained with reference to each of the accompanying
drawings for clarnity, 1t 1s possible to design new
embodiment(s) by merging the embodiments shown 1n the
accompanying drawings with each other. In addition, 11 a
recording medium readable by a computer, in which pro-
grams for executing the embodiments mentioned in the
foregoing description are recorded, 1s designed in necessity
of those skilled 1n the art, it may be within the scope of the
appended claims and their equivalents.

An apparatus and method according to the present inven-
tion are not limited by the configurations and methods of the
embodiments mentioned in the foregoing description. In
addition, the embodiments mentioned 1n the foregoing
description can be configured 1n a manner of being selec-
tively combined with one another entirely or i part to
enable various modifications.

In addition, the video processing method according to the
present invention can be implemented with processor-read-
able codes 1n a processor-readable recording medium pro-
vided to a network device. The processor-readable medium
may include all kinds of recording devices capable of storing,
data readable by a processor. The processor-readable
medium may include one of ROM, RAM, CD-ROM, mag-
netic tapes, floppy disks, optical data storage devices, and
the like and also include a carrier-wave type implementation
such as transmission over the Internet. Furthermore, as the
processor-readable recording medium 1s distributed to a
computer system connected via network, processor-readable
codes can be saved and executed 1n a distributed manner.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled 1n the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed 1n the
accompanying claims. Such modifications should not be
individually understood from the technical spirit or prospect
ol the present invention.

Both apparatus and method 1nventions are mentioned in
this specification and descriptions of both of the apparatus
and method inventions may be complementarily applicable
to each other.

Various embodiments have been described in the best
mode for carrying out the invention.

The present invention 1s applicable to a series of broadcast
service provision fields.

It will be apparent to those skilled 1n the art that various
modifications and variations can be made in the present
invention without departing from the spirit or scope of the
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inventions. Thus, it 1s intended that the present invention
covers the modifications and varnations of this invention
provided they come within the scope of the appended claims
and their equivalents.

What 1s claimed 1s:

1. A video data processing method, 1n a sink device which
receives uncompressed video data, comprising:

recerving the uncompressed video data and dynamic
range mastering InfoFrame including dynamic range
related information of the uncompressed video data
from a source device which generates the uncom-
pressed video data via an interface,

wherein the dynamic range mastering InfoFrame includes
InfoFrame type code 1dentifying a type of the dynamic
range mastering InfoFrame,

wherein the dynamic range mastering InfoFrame includes
clectro optical transfer function (EOTF) type informa-
tion for identifying an EOTF used 1n the uncompressed
video data,

wherein the dynamic range mastering InfoFrame includes
information mdicating maximum brightness of a mas-
tering display that was used in mastering the uncom-
pressed video data and information indicating mini-
mum brightness of the mastering display,

wherein the dynamic range mastering InfoFrame includes
information indicating maximum brightness of the
uncompressed video data;

identifying capabilities of the uncompressed video data
using the dynamic range mastering InfoFrame; and

playing the uncompressed video data back using the
identified capabilities.

2. The video data processing method according to claim

1, the method turther comprising;:

transmitting extended display identification data (EDID)
indicating capabilities of the sink device to the source
device via an interface,

wherein the EDID includes EOTF information for 1den-
tifying EOTF supported by the sink device,

wherein the dynamic range mastering InfoFrame 1s
received when the EOTF information 1dentifies at least
one EOTF supported by the sink device.

3. The video data processing method according to claim
1, wherein the dynamic range mastering InfoFrame includes
chromaticity coordinate information of three primary colors
and white color of a mastering display.

4. The video data processing method according to claim
1, wherein the dynamic range mastering InfoFrame includes
additional information of the EOTF according to the EOTF
type information.

5. A video data processing device, a sink device which
receives uncompressed video data, comprising:

a reception unit configured to receive the uncompressed
video data and dynamic range mastering InfoFrame
including dynamic range related information of the
uncompressed video data from a source device which
generates the uncompressed video data via an interface,

wherein the dynamic range mastering InfoFrame includes
InfoFrame type code 1dentifying a type of the dynamic
range mastering InfoFrame,

wherein the dynamic range mastering InfoFrame includes
clectro optical transfer function (EOTF) type informa-
tion for identitying an EOTF used 1n the uncompressed
video data,

wherein the dynamic range mastering InfoFrame includes
information mndicating maximum brightness of a mas-
tering display that was used in mastering the uncom-
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pressed video data and information indicating mini-
mum brightness of the mastering display,

wherein the dynamic range mastering InfoFrame includes
information indicating maximum brightness of the
uncompressed video data;

an 1dentification unit configured to 1dentify capabilities of
the uncompressed video data using the dynamic range
mastering InfoFrame; and

a playback umit configured to play the received video data
back using the i1dentified capabilities.

6. The video data processing device according to claim 5,

the device further comprising:

transmitting unit configured to transmit extended display
identification data (EDID) indicating capabilities of the
sink device to the source device via an interface,

wherein the EDID includes EOTF information for iden-
tifying EOTF supported by the sink device,

wherein the dynamic range mastering InfoFrame 1s

received when the EOTF information 1dentifies at least
one EOTF supported by the sink device.

7. The video data processing device according to claim 3,
wherein the dynamic range mastering InfoFrame includes
chromaticity coordinate information of three primary colors
and white color of a mastering display.

8. The video data processing device according to claim 3,
wherein the dynamic range mastering InfoFrame includes
additional information of the EOTF according to the EOTF
type information.

9. A video data processing method, 1n a source device
which generates uncompressed video data, comprising:

generating the uncompressed video data; and

transmitting the uncompressed video data and dynamic
range mastering InfoFrame including dynamic range
related imnformation of the uncompressed video data to
a sink device which recerves the uncompressed video
data via an interface,

wherein the dynamic range mastering InfoFrame includes

InfoFrame type code 1dentitying a type of the dynamic
range mastering InfoFrame,

wherein the dynamic range mastering InfoFrame includes

clectro optical transfer function (EOTF) type informa-
tion for identitying an EOTF used 1n the uncompressed
video data,

wherein the dynamic range mastering InfoFrame includes

information indicating maximum brightness of a mas-
tering display that was used in mastering the uncom-
pressed video data and information indicating mini-
mum brightness of the mastering display,

wherein the dynamic range mastering InfoFrame includes

information 1indicating maximum brightness of the
uncompressed video data.

10. The video data processing method according to claim
9, the method further comprising:
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recetving extended display identification data (EDID)
indicating capabilities of the sink device from the sink

device via an interface,
wherein the EDID includes EOTF information for iden-

tifying EOTF supported by the sink device,

wherein the dynamic range mastering InfoFrame 1s trans-
mitted when the EOTF information 1dentifies at least
one EOTF supported by the sink device.

11. The video data processing method according to claim
9, wherein the dynamic range mastering InfoFrame includes
chromaticity coordinate information of three primary colors
and white color of a mastering display.

12. The video data processing method according to claim
9, wherein the dynamic range mastering InfoFrame includes
additional information of the EOTF according to the EOTF
type information.

13. A video data processing device, a source device which
generates uncompressed video data, comprising:

a generator configured to generate the uncompressed

video data; and
a transmission unit configured to transmit the uncom-
pressed video data and dynamic range mastering InfokF -
rame including dynamic range related information of
the uncompressed video data to a sink device which
receives the uncompressed video data via an interface,

wherein the dynamic range mastering InfoFrame includes
InfoFrame type code 1dentifying a type of the dynamic
range mastering InfoFrame,

wherein the dynamic range mastering InfoFrame includes

clectro optical transfer function (EOTF) type informa-
tion for identitying an EOTF used 1n the uncompressed
video data,

wherein the dynamic range mastering InfoFrame includes

information mndicating maximum brightness of a mas-
tering display that was used in mastering the uncom-
pressed video data and mformation indicating mini-
mum brightness of the mastering display,

wherein the dynamic range mastering InfoFrame includes

information indicating maximum brightness of the
uncompressed video data.
14. The video data processing device according to claim
13, the device further comprising:
recerving unit configured to receive extended display
identification data (EDID) indicating capabilities of the
sink device from the sink device via an interface,

wherein the EDID includes EOTF information for i1den-
tifying EOTF supported by the sink device,

wherein the dynamic range mastering InfoFrame 1s trans-

mitted when the EOTF information 1dentifies at least
one EOTF supported by the sink device.

15. The video data processing device according to claim
13, wherein the dynamic range mastering InfoFrame
includes chromaticity coordinate information of three pri-
mary colors and white color of a mastering display.
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